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Studies in the Morphology and Anatomy of the 
Ophioglossaceae. 

III. On the Anatomy and Branching of the Rhizome of 
Helniinthostachys zeylanica. 

BY 

WILLIAM H. LANG, F.R.S., 

Ihihr Pr^'fum 0/ Crypto^amu tiotany in the I'nivertUy of MancheiUr, 

With Plates LIII and eight Figures in the Text. 

I N the first of these studies ' the morphology and anatomy of the rhizome 
of Botrychium lunaria was re-examined, and the anatomical relations of 
branches to the main axis was described. The corresponding facts for 
Helminthostachys will be dealt with in this paper. Our knowledge of this 
plant is fairly full and complete, but only the previous work on the rhizome 
and the anatomy of the stele and leaf-trace need be referred to here. Our 
chief source of information on these points is the account given by Farmer 
and Freeman*. In their paper the general morphology of the rhizome, its 
stelar structure, and the nature of the vascular supply to the roots and 
leaves arc all described and figured. Reference is also made to the occur- 
rence of branches, arising as ‘ adventitious buds ’ on older portions of the 
rhizome, and often sirringing from decorticated fragments, but no details of 
the branching are given. To the description of the rhizome given by these 
investigators, Gwynnc-\'.iughan ’ added the recognition and description of 
vestigial or rudimentary axillary buds, one of which is constantly present 
in relation to each leaf. The anatomy of young plants attached to prothalli 
was briefly dc.scribcd by myself* and has been further dealt with by ‘ 
Campbell.* Some features of the leaf-trace have been described by 
Bertrand and Cornaille" and by Sinnott.' Preliminary accounts of .some 
of the facts to be described below have been published in the Proceedings 
of the Itlanclic.stcr Literary and Philosophical Society.* 

^ Ann. of Bot., xxvii p. 303. » Ann. of xiii 1 1^99^ p. 431. 

* -Ann. (if IV't , xvi {1903', p. i;c. • 

* Ann. fij Hot,, xvi (lyoJ', p. 41. * The Euspoiangiatac (Washington, 1911'. 

^ I’nv.iux It Mt-moirts dc I'l’nivcrsitC oc Lille, tome x, mt-m. 29. 

’ Ann. of Hi>t , \x\ (191 1\ p. 16S, PI. XT, Fifj. I3. • Vol. Ivi, Pt. a {1912}. 

(Aanals of BoUDy, Vol. XXIX. No. CXUL January, 1915.] 
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While this general reference to previous investigations on the rhizo.ne 
Jebninthostachys will be sufficient, the main structural features, which are 
matters of common knowledge, may be briefly summarized. The horizontal, 
subterranean rhizome is definitely dorsivcntral. The leaves, alternating 
with one another, arise in two dorso-lateral rows, while roots spring from 
the lower side and the flanks of the rhizome. The basal region of each 
leaf forms a peculiar sheath, which cover's over the next younger leaf, and 
is broken through on the expansion of the latter. The narrow canal leading 
to the deeply seated vestigial bud continues backwards and inwards from 
the axil of the sheathing leaf-base. Tire rhizome has a wide parenchyma- 
tous cortex. The stele is tubular, but is not a solenostcle, since there is no 
trace of internal phloem. It is bounded by the outer endodermis, within 
which come in order pericycle, phloem, conjunctive parenchyma, xylem, 
and pith. An internal endodermis abutting closely on the inner surface of 
the xylem is usually present in large rhizomes ; it may be more or less 
incomplete, or wanting. 

The cells of the pith resemble the cortical cells, and like them arc often 
packed with starch. Cells with peculiar contents, recognized by Campbell 
as corresponding to the tannin cells of the Marattiaceae, may occur in pith 
and cortex. The xylem in adult mcdullatcd rhizomes is characteristically 
mesarch. Both outer (centrifugal) and inner (centripetal) xylems are well 
represented, their distinction being easy, as the mesarch protoxylem is often 
well marked. The vascular strands of the roots arc attached to the sides 
or lower face of the stelar tube, while the upper side of the latter is dis- 
turbed by the departure of the alternating, mesarch leaf-traces. Each trace 
leaves a long narrow gap in the stelar tube ; this usually closes just before 
the next leaf-gap is formed. A further complexity on the dorsal side of 
the tube results from a disturbance of the xylem in relation to each vestigial 
axillai'y bud ; this is found, a.s a rule, just as the corresponding leaf-gap 
closes. The rhizome of the young plant shows a similar disposition of 
leaves and roots. Owing, however, to its more slender configuration and 
smaller stele, the leaves, though really in two rows, appear to spring in 
a single dorsal line. The stele may have a solid cylinder of xylem, or may, 
almost from the first, show a small pith. No definite leaf-gaps arc left on 
the departure of the early leaf-traces, but a vestigial bud occupies the usual 
axillary position in relation to each leaf-trace. The transition from the 
slender rhizome of the young plant to the full size and usual structure 
appears to be a gradual one. 

This summary of familiar facts will be sufficient introduction to the 
more critical consideration of some particular features of the rhizome of 
Helmtnthostachys. The difficult questions relating to the apical develop- 
ment and Its relation to the segmental arrangement, indicated in the 
■succession of the leaves and at least suggested by that of the roots, will 
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not be dealt with here. This paper will be limited to the anatomy of the 
developed regions of young and adult rhizomes, and the facts will be . 
conveniently described in the following order: 

I. Some points in the anatomy of the adult rhizomes. These include 
the relative development of centripetal and centrifugal xylem, the vascular 
attachment of the roots, the origin of the leaf-trace and its structure until 
after the first division in the cortex, variants in type of leaf-trace, and the 
disturbance of the vascular structure in relation to the vestigial buds. 

a. The anatomical relations of actual branches to the main rhizome, 
and the associated development of accessory or secondary xylem. 

3. The structure of the stele and leaf-trace in small rhizomes with the 
juvenile type of structure, whether arising as branches, or as young plants 
developed from an embryo ; the progression from the juvenile to the adult 
type of structure, and condensation of stelar structure from the adult to the 
juvenile type. 

The distinction made above, between the adult and juvenile types of 
rhizome and stele, is of practical convenience, but cannot of course be 
definite. Rhizomes, the stele of which has a pith and a clear distinction 
of outer and inner metaxylem, both consisting of pitted tracheides, will be 
cla.ssed as adult; those in which the stele is solid, or if medullatcd has no 
definite inner metaxylem composed of pitted tracheides, as juvenile. The 
transition from the juvenile to the adult type of stele is a.s.sociated with an 
increase in the diameter of the rhizome, but the adult type is found in 
rhizomes of a wide range in thickness. 

I am greatly indebted to I’rof F. W. Oliver , and Prof. Bower for 
interesting pieces of rhizome of IldiniiitttostiU'hys. 

I. Some Point.s i\ the Ax.tTOMv of thk Adelt Rhizome. 

The general features of a transverse section of a large rhizome of 
Hdminthostachys are illu.stratcd in Text-fig. i, n. This shows the pro- 
portional sizes of the rhizome and stele, and the distinction between the 
dorsal side of the rhizome, where the remains of the attachment of an old 
leaf-sheath are seen, and the ventral side, where two large laterally placed 
roots are attached. The section h.a.s passed through the stele, where the 
xylem of a nascent Icaf-tr.acc has just become detached from the stelar 
tube on the side away from the median line. On the other side of the 
median line is seen the vascular disturbance, in relation to the vestigial bud 
belonging to the leaf next behind. The stele is surrounded by the external 
endodermis, which is only interrupted in relation to the vestigial bud, wliile 
tlic pith is delimited by a well-marked endodermis. 

The convention adopted in this figure for representing the po.dtion and 
extent of the various tissues is maintained in man)' of the other tcxt-rtguics, 
and may be explained once for all. The external endodermis is represented by 
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a continuous line, the phloem by a dotted line internal to this. The oifter 
and inner metaxylems are represented by two sets of radially directed lines ; 
between them the protoxylem elements occur in groups, and are represented 
in black in relation to the leaf-trace, but are usually not specially indicated 
in the rest of the stele. Though diagrammatic in the representation of the 
tissues, these figures are based on camera-lucida drawings, and represent the 
position and extent of the various tissues as accurately as possible. 

It will be evident that the inner mctaxylem is least strongly developed 
at the ventral side of the stele. The greater thickness of the xylem-tube 



dorsally is mainly, though not entirely, due to the greater development of 
inner xylcm there, especially in relation to the vestigial bud. 

Proportions of inner and ouKr metaxylem. In rhizomes of the adult 
ype both xy lems are always represrnted. but the degree of development of 
the inner .xylcm exhibits a wide range of variation. In large rhizomes 
such as that just described, the inner xylcm is well developed ; a portion of 
the vascular tube of this type is shown in PI. I, Plioto i. The tracheides 

dois not t riiV r of divisions in the procambial stage, and 

Some The .xylem in all L'rmal 

devernrnrt 1 u ‘!i ^ ‘■'"omalous .secondary 

rhizome. The inner xylem is usually much less marked in sinallc 
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rhizomes, and often does not form a continuous zone ; a portion of 
a vascular tube of this type is shown in PI. I, Photo 2, In such rhizomes 
the parenchyma of the pith may at places abut directly on the protoxylem 
(PI. I, Photo 3). Such steles present an appearance in transverse section 
not unlike some steles of Botrychinm lunaria} in that the outline of the pith 
is rendered irregular by the scattered elements of centripetal xylem. The 
analysis of the primary xylem into outer and inner is, however, much easier 
in the case of Helminthostachys. since protoxylem elements are usually 
present at intervals in the tube of xylem, and are not confined to the region 
of a departing leaf-trace. 

It is not necessary to enter into the histology of the xylem further 
than to say that, in longitudinal section, the tracheides of the inner and 
outer metaxylem arc similar, with narrow and often multiseriate pits. The 
protoxylem elements arc narrower and stain less deeply ; they show spiral 
marking passing into a reticulum, in the meshes of which bordered pits 
appear. 

The vascular attacliHient oj the roots. The roots are developed close 
to the growing point of the rhizome, and the early growth of the root thus 
coincides with the cortex of the rhizome attaining its full thickness. In the 
light of this we can understand how' it is that only a comparatively thin 
zone of the cortex is actually broken through by the emerging root ; this 
zone corresponds in thickness to the preceding leaf-sheath. The root is 
thus borne on a pedicel, the inner portion of the root-stclc having no corte.x 
of its own distinct from that of the rhizome. Since the superficial layer 
of cortex which is broken through often wears off later, the roots on mature 
portions of the rhizome may appear as if exogenous. The general relations 
will be clear without further description from Text-fig. 1 . a and n. These 
figures represent tran.svcrse sections close to the tip of a rhizome (a), and 
through a mature region (li), in both ca,ses passing through the attachment 
of roots. 

As Farmer and Freeman .<;t<atc, the pith of the base of the root may be 
indirectly continuous with the pith of the rhizome by means of the xylem 
parenchyma. This statement may be somewhat amplified. The root, 
especially at its base, has a wide pith, the cells of which resemble histo- 
Icgically those of the pith of the stem. The xylem of the root is continuous 
with the outer xylem of the stem-stele, and the xylem parenchyma is well 
marked beneath the b.asc of the roOt. The pith of the root is continuous 
w ith this parenchyma, the position of which is usually between the inner 
and outer xylems of the rhizome, though sometintes a thin zone of outer 
xylem por.sists across the base of the root. When the inrter xylem is \vcll 
developed, it separates the pith of the root from that of the rhizome (cf. 
1 ext-figs. I, B, 3, B, c, and PI. I, Photo 4). When, however, the inner xylem 

* Cf. Ann. of Bol,, xivi, Pi. XX, Photos i6, i;. 
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of the rhizome is less complete, the pith of the root appears continuous \#ith 
that of the rhizome (cf. PI. 11 , Photo 25). This occasional parenchymatous 
continuity between the pith of the rhizome and root is obviously of 
no significance as regards the nature or origin of the pith of the root. 

It is of some interest to find that an internal cndodermis may be 
developed in the basal region of a root, delimiting its pith. Such an endo- 
dermal layer may be more or less complete. Its position in a well-marked 
case is shown in Text-fig. i, B. As in the case of the rhizome, the internal 
endodermis of the root may abut directly on the tracheides. There is 
clearly no reason to look on the internal cndodermis of the root as anything 
but a new development, and its occurrence thus beans on the significance to 
be attached to the internal endodermis present in the rhizome. 

Origin and strnciure of the Uaf-tracc. It has been pointed out 
■above that the dorsal side of the stele is of special interest, since the leaf- 
traces depart from it, and also because of the v.iscular disturbance in 
relation to the vestigial buds (cf. Text-fig. 1, li). As is well known, the 
departing trace leaves a long narrow leaf-gap in the mcdullateii stele. 


This gap closes before the next leaf-trace separates, so that the gaps do not 
usually overlap, and their mutu.al relation is similar to what is found in 
many dorsivcntral solenostclic Ferns. 'I'he vestigial bud discovered by 
Gwynne-Vatighan is situated just in front of the closed leaf-gap to which it 
belongs, and the vascular disturbance in relation to the bud is found just as 
the gap closes. The vascular disturbance thus lies alongside the separating 
trace for the next leaf (Text-fig. i, n). A series of sections through the 
region of separation of one leaf-trace will thus show the closure of the 
preceding leaf-gap on the other side of the median line, and the vascular 
relations of the ve.stigial bud. Such a series from a large rhizome is repre- 
sented m Text-fig. 2 ; it shows to the left the earlier stages in the separation 
of a eaf-trace, and on the right the clo.suro of the preceding leaf-gap, the 
cvelopmcnt of the bulge of xylem in relation to the vestigbl bud, and the 
iclurn to the norma! thickness of the vascular tube in front of thi.s. Leaving 
he consideration of the vestigial bud to the next section, the origin 
s^.t.on, .d further histoiy of the leafitrace in thL specinim. may ij 

This rhizome had a complete internal endodermis, and the inner meta- 
xy I m was well developed. The first indication of the position and extent 
of the leaf-trace was afforded by the disappearance of the endoderral 
diaractcis from the cells internal to the nascent trace. The xylem tube 
m the region of the trace al.so appeared thinner, owing to a less dcvelopnient 
of centripetal xylem. This is the condition reachtd at the level of tlm 
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the gradual arching out of the leaf-trace xylem (Text-fig. 2, a, li, c), its 
separation from the xylem-tube first on the side away from the middle line 
of the stele (d, e), and shortly afterwards on the median side also. At this 
level (Text-fig. a, f) the trace is distinct from the stele as regards its 
xylem and phloem, but is still enclosed by the unbroken stelar endo- 
dermis. On the other side of the middle line the previous leaf-gap is seen 
to have closed, the disturbance of the xylem to have subsided, and the 



section i)as.ses thiough the inner end of the canal leading down to tlic 
'icsligial bud. 

The leaf-trace itself as it .separates from the stele is mesarch, although 
the inner xylem is much les.s developed than in the stele of the rhizome. 
1 lie trace in this large rhizome thus agrees with that described and figured 
by Sinnott, but, as will be seen below, this is by no means the only t)'pe of 
trace found in Ildmiuthostiukys. 

The further changes uiulcrgonc by the trace of this rhizome as it 
passes obliquely through the cortex are illustrated in Text-fig. 5 ; this 
represents the preceding trace, and is therefore on the other side of the 
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middle line, but otherwise continues the series of changes shown in Tc.t- 
In Text-fig. S. A, the endodermis is seen mterrupted on the s,de 
way from the middle line, though on the other s.de .t .s contmuous from 
the laf-trace to the stele. The external and mternal endodermal ayers 
have become continuous round the margin of the leaf-gap. The leaf- lac 
is distinctly nresarch and the protoxylem elements form an interrupted 

band between the two xylems. In Text-fig. 3, r f 

separate, and comparison with the earlier stage will show that the arc 
xylem is becoming more curved and is tending to complete the tube of 
outer xylem on the adaxial side. The persistence of the centnpeta xylem 
internal to the protoxylem enables a clear distinction to be drawn between 
ti-ue mesarchy of the trace and this adaxial completion of the xylem. he 




Text-fig. 3. .Series of seclicns from the same rlil/omc as IVxt ti^*. to vhtiw the later .sta^'e.s 
in departure of a leaf-trace, the adaxial completion of the xyletii, and tho clepsydr 'id 
through before division. Further descripliori in feat, f., ciidt»dt.rmi-> of If-.il'-tracr : ph., phloem ; 
^.1)., outer xylem ; px., protoxylem of le.af-trace; .t.r., inner xylem ; pith of ba.se <>l rtioi. 


trace in Text-fig. 3, U, shows prepanations for division in that the protoxylem 
is present as two laterally placed groups; a |)rojcction of metaxylem 
between these is also to be noted. In the next stage figured ( Text-fig. 3. V) 
the outer xylem has become complete adaxially and so has the endodermis ; 
the phloem was not completed in this tr.acc. ’I'lic projection of xylein 
noted in the preceding st.ige ha.s become continuous with the adaxial 
xylem, and divides the parenchyma in the concavity of the xylem into two 
areas. In each of these, internal to the protoxylem, centripetal xylem still 
occurs, though it is more poorly represented than lower down. -Shortl)- 
after this, when ^the trace is approaching the outer part of the cortc.x, it 
divides into two. A stage of the division is represented in Text-fig. 3, i>. 
and it will be noted that in this case the outer xylem forms a complete ring 
in one half of the trace and not in the other. The inner xylem is still 
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represented, but soon ceases to be recognizable in the bundles of the base 
of the leaf. 

The stage represented in Te.xt-fig. 3, c, is evidently that recognized by 
liertrand and Cornaille ' as an ‘ dtat tres particulier de la trace clepsydroide 
but not described or figured in full. They describe it as ‘ une chaine binaire, 
cellc-ci est doublement fcrm&, dlant composde de deux divergeants fermes 
The name given by these investigators to this stage will be adopted, and 
the significance of this elepsydroid stage will be discussed later. As a rule 
it is passed through rapidly, the complete division of the trace being effected 
in the outer part of the cortex. 

The actual appcar.mce of the large trace, the structure of which has 
been represented in Text-figs. X and jj, is shown in PI. II, Photos 20, 21, and 
PI. I, Photos ■) and 6. In Photo zi the nascent trace is seen to the left, still 
forming part of the stclar tube. Photo ,5 shows the adaxial completion of 
the xylem of the separated trace almost effected, while Photo 6 shotvs the 
trace in the elepsydroid .stage. The low-power photograph in PI. I, Photo 4 
shows the trace in the elepsydroid stage in relation to the stele, from which 
it had departed. 

This large trace, derived from a full-sized adult stele, has been 
described at .some length, since it allows the distinction to be clearly made 
between the mcsarcli condition, i. e. the existence of outer and inner xylem 
corresponding to the outer and inner xylem in the stele of the rhizome, and 
the essentially different condition brought about by the adaxial completion 
of the outer xplem in the leaf-trace. Since the mcsarch condition persisted 
until after this trace divided, the adaxial completion of the arc of outer 
(centrifugal) xylem could be seen to be quite distinct from the original 
nicsarchy. The distinction of these two constructions, both resulting in the 
prc.scnce of metaxylem to the inside ,as well as the outside of the proto- 
xylem, must be borne in mind in considering other examples, the interpreta- 
tion of which is Ic-ss obvious. 

Diflercnt pieces of rhizome, while agreeing in the general type of con- 
.siruction of .stele and leaf-lr.acc, exhibited variants of the type, which were 
u.siially maintained throughout the particular piece of rhizome. These 
variants are of .special interest in the leaf-trace and concern its mode of 
dcpartuic, its construction in the cortex, and its mode of division. Some 
c.x.implcs will now be briefly dc.scribed and illustrated in order to show the 
nature of the range. 

rile division of the leaf-trace often lakes place without the adaxial 
completion of the xylem or endodertnis having been effected. This is 
found both in the case of leaf-traces that arc mcsarch at.thcir departure 
and in the case of smaller traces that have no centripetal xj-lem. An 
example, though not an extreme one, of a dividing trace, in which the 

‘ Loc- cii., p. 179, foot-oo(e. 
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adaxial extension of xylem was incomplete at division, is given in M. I, 
Photos '7-9. In such cases no definite ciepsydroid stage is passed 
through. 

Even in the large mesarch traces described above, the inner xylem was 
found to diminish in the region of the nascent leaf-trace (cf. PI. II, Photo ai). 
As a rule, in smaller rhizomes, where the ccntripctai xylem is less strongly 
developed, the inner xylem completely disappeais from the middle of the 
concavity of the nascent trace, so that the parenchymatous tissue is con- 
tinuous from the pith to the protoxylem. The trace thus separates from 
the stele with xylem, which is either completely cndarch or has only traces 
of inner xylem to the two sides. Thus there is very little inner xylem in 
the trace figured in PI. I, Photos 7-9, while Photo 10 shows a purely cndarch 
trace which had just departed from another rhizome. This iatter trace 
divided without any indication of adaxial completion of xylem. On the 
other hand, the trace shown in PI. Ill, Photos 47-49 was cndarch at its 
departure, but almost at once showed adaxial completion of its xylem. 

The last-mentioned specimen thus illustrates another variant in which 
the adaxial completion of the outer xylem of the trace take.s place while 
the latter is still monarch (Photo 48). This w,is followed later by the 
assumption of the ciepsydroid structure preceding the division of the trace 
(Photo 49), which took place in the outer region of the cortex. 

This pre-clepsydroid condition, in which the trace is adaxially com- 
pleted, but has an undivided protoxylem, may be maintained until the trace 
has left the cortex of the rhizome. This was the case throughout a large 
fragment of rhizome which bore a branch, to be described later, and the 
progress outwards of one trace can be followed in I'ext-fig. 6 from the right 
side of the rhizome. This trace as it left the cortex is also shown in PI. I, 
Photo II, while Photos 12 and 13 on the same plate show another trace 
from the same rhizome, just before the xylem was completed adaxially and 
after this had been effected. There is no room for doubt as to the adaxial 
completion of the xylem in these traces, and the reality of the process is 
confirmed by the accompanying completion of the phloem, which is seen 
in Photo 13; and this is even better shown by the next rhizome to be 
described. 

This piece of rhizome will be referred to later in the paper as showing 
a rapid progression from the juvenile to the adult type of structure. I he 
type of leaf-trace departure, which wa.s maintained at each node, was 
remarkable in that the xylem of the trace was completed adaxially before 
or as it separated from that of the stele. As the xylem of the trace 
enclosed little parenchyma, it was possible on the one hand that its adaxial 
portion represented the very early completion of the outer xylem of the 
trace, or, alternatively, that it was the continuation outwards of the inner 
xylem of the mesarch stele. Direct observation supports the former 
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exi?lanation, and this interpretation seems justified in the light of comparison 
with the other types of trace described above. 

The main stages in the departure of one of the earlier and smaller 
traces from this rhizome are represented in PI. I, Photos 14-17. The 
rhizome at this level was mcdullated and mesarch, though with the internal 
xylem only moderately developed. As the xylem of the trace becomes 
evident as a bulge on the stele (Photo 14), the protoxylem has an arc of 
metaxylem to the outside, and this appears almost completed on the 
adaxial side of the trace, which is still continuous with the xylem of the 
stele. Thus as the xylem of the trace becomes separate (Photo 15), it 
exhibits a complete ring of radiating rows of tracheidcs, the single group of 
protoxylem being in connexion with the abaxial portion of the ring, while 
a little parenchyma is present immediately internal to the prcitoxylem. 
The adaxial xylem at this level appears to be related to the outer xylem of 
the stele, and is in any case much more strongly developed than the inner 
xylem of the stele, At this stage the stele and leaf-trace are enclosed in 
a common endodermis and the phloem is still continuous. Photo ifi shows 
the same trace further removed from the stele. It still has a single group 
of proto.xylcm, the xylem being almost equally developed abaxially and 
adaxially. The interpretation given of the adaxial completion of the xylem 
in this trace is confirmed by the corresponding behaviour of the phloem, 
uhich is seen to form a complete tube, while the endodermis was also com- 
plete. A little further out (Photo 17) the small trace had pa.ssed into the 
clepsydroid stage; the endodermis and phloem were still complete. The 
.xylem appeared dumb-bell shaped in cross-.section, the protoxylem had 
divided into two groups, and the metaxylem elements t^ ere continuous 
across the constricted portion between the two halves. Shortly after this 
the division of the trace took place ; the xylem of each half was a complete 
ring, and the phloem was complete around it. 

The departure of the larger leaf-traces from tlie full-sized portion 
of this rhizome was essentially similar, though the trace nwy be mesarch at 
its origin, and thus have some inner xylem enclosed by the ad, axial extension 
of the outer xylem. One of the larger traces in tiic ciepsydroid stage is 
represented in I’l. I, Photo 18. Wliilc corresponding essentially to the 
latgc trace .shown in Photo fi, this trace, which is at a somewhat earlier 
-stage, has no evident remains of inner xylem. The two poles of protoxylem 
arc clearly evident, and the adaxial arc of .xylem is actually thicker than 
the abaxi.d portion. A little later the metaxylem develop.s in the centre 
of the trace connecting the abaxial and adaxial jiortions, and the trace then 
divides (cf. Text-fig. 8, E). In PI. I, Photo ly tlie left lialf* of tliis trace is 
•sliown with its protoxylem in two groups preparatory to the next division. 

The trace shown departing from the moderately small rhizome in 
PI. Ill, Photo 51 agreed with those just described in h.wing the .xylem of 
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the trace completed adaxtally before it had separated from the stelar 
xylem. In this case there was no difficulty in the interpretation, since 
the inner xylem first disappeared from within the nascent trace. In the 
trace figured the adaxial xylem is almost complete, and is well represented 
on the left side. 

The variety shown by the leaf-trace in different pieces of rhizome of 
Hehninthostachys is remarkable, and has necessitated the description of 
a number of examples. A general plan will, however, be seen to underlie 
the variety. The xylem of the trace is ultimately equivalent to, and derived 
from, an arc of the outer xylem of the stelar tube. No inner xylem may 
be continuous into the trace, or the latter may be mesarch at its base, the 
inner xylem dying out sooner or later. The outer xylem tends to be 
completed adaxially (though this does not always take place); the resulting 
construction is essentially distinct from mcsarchy as we find it in the stelar 
tube of the xylem. In preparation for division the protoxylem separates 
into two groups, and the trace passes through a clepsydroid stage that is 
often clearly marked and striking. The monarch prc-clcpsydroid condition 
may, however, persist until the trace leaves the rhizome. More usually the 
trace has divided twice before this takes place, the complex vascular system 
of the petiole being thus continued backward.s into the cortex of the 
rhizome. In all cases observed, liowcver, the trace Is monarch as it separates 
from the stele, though the continuation backwards of the double condition 
seen in the clepsydroid stage rvould be a readily comprehcn,sibIc term in the 
series of variants. 


Parallel variants in the structure and relations of the lcar-tl■ace,^ will be 
referred to below in considering more slender rhizomes showing juvenile 
structure, and the whole question will be di.scu.ssed at the end of the paper. 

r/ie vascular disturbance in relation to the vestigial buds. The original 
description by Gw> nnc- Vaughan' of the .structures which mu.st undoiibredly 
be regarded as vestigial or dormant lateral buds, or ratlier a])icc.s, was illus- 
trated by clear diagrammatic figures. These .show the course of the narrow 
canal extending backwards and inwards from the axil of a leaf-.shcath to the 
neighbourhood of the stele just in front of the closed Icaf gap corresponding 
to the subtending leaf, and also the disturbance of the .stele in relation to 
the vestigial structure. As his figure shows, the canal turns slightly forwacds 
at Its lower end, and, so far as I can judge, the dormant apex is situated 
behind this inner portion. As regards the structure of the vc.sligial bud 
Itself, I can at present add little to Gwynne-Vaughan's account. It seems 
to consist only of a dormant apical meristem, the .structure of which is 
difficult to mak« out m the absence of segmentation. It is of .some interest 
for comparison with the main apex, to find that the lower portion of the 
canal may be enlarged by the development of hair,s projecting into it. 

' Loc. cit., p. i;i, Fie. 19. 
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As regards the vascular disturbance, Gwynne-Vaughan’s figure indicates 
that the inner xylem first closes across the gap, and also that the increased 
thickness of the xylem leads to the existence of a distinct low bulge behind 
and below the vestigial bud itself 

The analysis of this bulge is not carried further by him, and it is of 
interest to ascertain the parts taken in its formation by the outer and inner 
xylems respectively. This was studied in the large rhizome, the departure 
of the leaf-trace from which has been already described, and the same 
scries of figures (Text-fig. 2) will serve to illustrate the anatomical relations of 
a vestigial bud in a case in which the vascular disturbance was well marked. 

After a leaf-trace has departed, the gap in the stele remains open for 
a considerable distance. On following a series of sections forward, the gap 
in the tube of xylem is seen to narrow, and its edges to thicken as prepara- 
tion.s for closure become recognizable (Text-fig. 2, a, B). The thickening is 
largely due to an increase in the amount of inner xylem, which at this 
region becomes more strongly developed than elsewhere in the stele j there 
is also an increase in the thickness of the outer xylem, so that the wood 
bulges both outwards and inwards in the region of the closing gap (Text- 
fig. a, li). The endodermis appears raised up over the margins of the gap. 
The clo.sure of the gap comes about by the meeting of the edges formed by 
the bulges of inner xylem. This not only joins aeross the gap, but the 
inner xylem appears to extend outwards into the gap still present in the 
outer xylem (Text-fig. 2, c). A little further forward (Text-fig. 2, D) the 
outer xylem is completed over this extension of the inner xylem through 
the gap. Since the outer .xylem also completes the xylem of the main stele, 
it separates the projecting portion of the inner xylem from the corre.spond- 
ing ti.ssuc of the main stele. At this level, therefore (Text-fig. 2, ij). the vas- 
cular bulge can be regarded as a rudimentary branch stele, with its own 
inner and outer xylem. Still fuitlier forward the bulge of xylem is 
subsiding, and at thi.s level the endodermis was completed over the paren- 
ch)'matous bulge leading towards the vestigial bud (Text-fig. 2,E). The 
last section figured (Text-fig. 2, r] is immediately in front of the actual bud, 
and shows the inner portion of the canal occupied by h.airs, and beneath tiiis 
the forwardly bent portion of the endodermal bulge. The .stele of the 
rhizome has resumed its normal structure, and the endodermis is complete 
around it. 

The description of this vascular disturbance just given naturally involves 
a view .as to the interpretation of the structure. This interpretation has 
been reached by comparison of a number of specimens, and will be seen 
below to be supported by the nature of the vascular supply to actual 
branches. The appearance of the vascular bulge in the specimen de.scribed 
is .shown in PI, II, Photos 20 and 21. Photo 20 shows the dorsal region 
of the stele just after the leaf-gap has been closed by the approximation of 
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the internal xylem, which can be traced bulging outwards into the gap. 
The level is therefore about the same as Text-fig. 2, c. The second 
photograph (Photo ai) shows the bulge with the outer xylem completed 
over the inner xylem and also extending across to complete the xylem 
tube of the rhizome. The level of this section corresponds to Text-fig. a, D. 
The whole structure suggests the attachment of the base of a miniature 
branch stele, with its inner and outer xylem continuous with the corre- 
sponding tissues of the main stele. 

The vascular disturbance in relation to the bud was exceptionally well 
marked in the large rhizome selected for description above, and in a number 
of similar pieces of rhizome (cf. Text-fig. i,B). In other and smaller 
rhizomes, however, the stnicture was different, though such cases did not 
negative the interpretation of the better marked and more highly organized 
examples. In smaller rhizomes the closure of the leaf-gap took place by 
the meeting of the relatively strongly developed xylem at its edges ; the inner 
xylem sometimes extended slightly outwards into the gap, the outer xylem 
not being continued across till later. But in these cases (cf. PI. I, 
Photo 7) no well-marked vascular bulge was formed, and there was no indi- 
cation of an organized branch stele, although the xylem ring was thicker in 
this region owing to the greater development of inner xylem. The endo- 
dermis was raised up and open in relation to the vcstigi.tl bud ; sometimes 
it had previously closed around the stele, in other cases it remained open. 

In small rhizomes also the bud often appears to be situated relatively 
further back. In the full-sized adult rhizome the transverse section showing 
the actual bud passes through the leaf-trace on the other side of the median 
line, when it has separated from the vascular tissues of the stele. This 
would correspond to a section between K and F in Tc.\t-fig. 2, In the 
small rhizomes, on the other hand, the ne.xt leaf-trace may still form part 
of a complete stelar tube at this level (cf. PI. I, Photo 7), and in other cases 
the bud may be so far back as to lie over the unclosed leaf-gap (cf. Text- 
fig- 4, A). These differences in position do not affect the regular segmental 
succession of leaves and buds, but arc of interest for comparison with what 
is found in rhizomes of juvenile type, and as bearing on the attachment of 
actual branches. 


2. The Anatomical Relations of Actual Bkanxiies 
TO THE Main Riiizomk 

, and Freeman’s paper > reference i.s made to the occurrence 

of advenimous branches on more or less decorticated fragments of 
hizome, but tv account is given of the vascular relations of L branch 
oth mam stem. Gwynne-Vaughau ^ suggested that such branches might 
be due the vestigial buds being stimulated Into action under cerUin 
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conditions. The following account is in complete accordance with Gwynne- 
Vaughan's interpretation of the morphology, the correctness of which 
was indeed evident from the corresponding facts since made out in 
Botrychium. 

1 obtained two .specimens of Hdmintlwslachys, each showing a small 
branch arising from a short piece of a main axis. The development of the 
branches thus appeared to be associated with arrest of the normal growth 
of the main axis. In this respect, as well as in the structure and position of 
the dormant buds, a close parallel with Botrychium can be traced. 

The first briutchiuj; specimen was a .small piece of rhizome that to all 
appearance terminated in its apical bud. When cut into a complete series 
of section!!, however, it proved to consist of axes of two orders. The base 
was a fragment of a small rhizome of adult type, including seven leaf-gaps ; 
while borne on this, and arising from the dormant bud in relation to the 
most anterior leaf-gap, was a lateral branch. This had continued the line 
of growth of the arrested main axis. The specimen was thus particularly 
favourable for tracing the relations of the vascular system of the branch 
to th:il of the main stem in a series of transverse sections. 

The structure of the small rhizome, which bore the branch, may be 
very briefly summarized fcf Text-fig. 4, and PI. 11 , Photos 21-24], The 
stele had a well-marked pith not limited by an internal endodermis. The 
xylem was mainly outer or centrifugal. In some regions the inner xylem 
was fairly developed, but for the greater part of the length of the fragment 
it was feebly represented by isolated tracheides or groups of tracheides. 
It w'as as usual best represented towards the upper side of the stele. It 
disappeared internal to the leaf-trace, so that the latter departed with an 
endarch strand of xylem (PI. I, Photo 10). The trace passed rapidly 
through the cortex, dividing without adaxial closure of the .xylem. A vesti- 
gial bud was present in relation to each leaf. Its general structure was as 
usual, but it may be noted that it was not so far in front of the subtending 
leaf-trace, but was situated over the leaf-gap before this had closed even 
in the xylem tube (Text-fig. 4, A, It). There was no definite vascular dis- 
turbance in relation to the bud. On passing forward, the vestigial bud 
over a leaf-gap is first met with (Text-fig. 4, A), the slit in relation to the 
bud then reaches the surface, and the leaf-gap closes (Text-fig. 4, li, c) before 
the separation of the next leaf-trace from the stelar tube commences. There 
is thus a region intervening between one leaf-gap and the next, in which 
the stele is tubular and undisturbed cither by a vestigial bud or a departing 
leaf-trace. The appearance of a vestigial bud standing beside the separating 
trace for the next leaf is not seen. These dilTerenccs in degree will be 
evident on comparing Text-figs. 2 and 4, and have to be borne in mind in 
considering the relations of the actual branch. 

The departure of the leaf-trace subtending this branch and the vascular 
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sup'ply to the branch can be followed from Text-fig. 4. The first section (a) 
shows the preceding leaf-gap still open and the position of the vestigial bud 
above it. On the other side of the median line the protoxylcin of the ne.xt 
leaf-trace is recognizable, separated by inner xylem from the pith. In 
I! the condition is similar, but the .section now passes through the canal 
leading to the vestigia! bud, and the gap in the xylem is narrowing. In C 
the canal has almost reached the surface of the rhizome, and the leaf-gap 
is closed, although the external xylem is not of full thickness across it. 
On the other side of the middle line, the nascent leaf-trace is more evident, 
and the inner xylem has largely disappeared opposite its protoxylem. 
To either side of the xylem of the trace, which still forms part of the 
complete slelar ring, the fir.st indication of the vascular supply to the branch 
is visible. At these points an additional development of tracheicles has 
taken place immediately outside those of the normal xylem. This xylem, 
which is indicated in the figures by cross-hatched shading, corresponds in 
a sense to secondary xylem, and will be referred to as accessory xylem. 
In the next section (bf these patches of accessory xylem are much larger, 
and the new development extends further round the stele, though confined 
to its upper side. The leaf-trace is seen to be purely endarch as it departs, 
and the inner xylem is wanting opposite to it. The separation of the 
tmee is further advanced in F. ; this shows a new feature, in that the inner 
X) lem, which at the preceding level was well marked to dll:cr side of the 
nascent leaf-gap, now extends across below the gap, and also out into it. 
This inner X)'lcm, together with the accessory xyfein evident to either side 
uf tlic leaf-gap, is destined to supply the stele of the branch subtended by 
the departing leaf-trace. The actual appearance of the stele about this 
level is showji in I’l. II, Photo az, in which the Ir.ichcides of the accessory 
xylem (v.*), and those of the inner xylem filling up the gap (.r.i.) will be sen\ 
to have stained more faintly tlian tliosc composing the normal primary 
xylem of side and Icaf-tracc. The next .scctioms in Text-fig. 4 show how 
the xylem of the branch stcic becomes constituted. At the level of Text- 
fig. 4, F, tlic leaf-trace was licp.irting from the cortex. The endodermis has 
become completed over the Icaf-g.ip, and the inner xylem has passed 
outwards through the gap. and come into contact with the two groups of 
accessory outer xylem that have extended towards the middle line of the 
gap, The actual apiwaiaiicc about tliis level is shown in PI, II, I'hoto 23. 
In G, the two groups of accessory xylem have joined to form an arc of 
xylem, against the inner face of which lies the group of inner xylem. 
Ihc xylem of tliis nascent branch-stele is now distinctly separated by 
I’.ircnchyma from the main .stele, the gap in the xylem of which is seen to 
be still open. Tlie outer xylem of the branch stele now becomes continued 
around the inner xylcin, between the elements of which parenchyma has 
appeared. This process, begun in Text-fig. 4, H, is complete in 1, although 
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the zone of the outer xylem is thin on the adaxial side ; m J the c/uter 
xylem is more uniform in thickness, and the stele of the branch may be 
regarded as fully constituted. The actual appearance at th.s level .s shown 
in'’pi. II, Photo .4, Meanwhile, as Text-fi^. 4, H, J shows, end^ermal 
markings have appeared in a layer of cells between the bmnch stele and 
the main stele, and this new-formed layer of endodermts has become 
continuous with the endodermis on the abax.al s.de of the branch stele to 
form the complete endodermis of the latter. By this stage, when the com- 
pleted branch stele lies in the cortex beside that of the mam rhizome, the 
lcaf-<Jap in the xylem of the latter has closed, and the position of the next 
leaf-trace is evident. The end of the fragment of rhizome is, however, 
almost reached, and the broken stele is in great part decorticated (1 ext- 


fig. 4, j; PI. II, Photo 24). r . ■ u . 1 

It is thus evident that the outer and inner xjdem of the branch stele 

are continuous with the outer and inner xylem of the main rhizome, and 
that the endodermis is similarly continuous from the main stem to the 
branch. The same holds almost certainly for the phloem, but on account 
of the difficulty of distinguishing the sieve-tubes, though they could be 
recognized at places in these transverse .sections, no differentiation has been 
indicated in the zone between the endodermis and the xylem of the branch 
stele. This zone corresponds to pericycle, phloem, and conjunctive 
parenchyma. Such a branch stele agrees in cs.sentials with the stele of 
a young plant developed from an embryo, and its further consideration will 
be deferred to the next section. 

Two comparative points m.iy be indicated in passing, although they 
will have to be discussed more fully l.itcr. judging by the structure of the 
vascular elements, the stele of the branch would naturally be described as 


centrarch, i. e. as having protoxylcm mixed with parenchyma centrally and 
the metaxylem around this. The connc.xions of these regions of the xylem 
of the branch stele have been clearly seen, however, to be respectively with 
the inner and outer metaxylems of the stem stele. There is thus reason 
for distinguishing inner and outer xylem in the smaller and simpler stele of 
the branch. 

If the connexions of the inner and outer xylem of the branch stele 
(Text-fig. 4) be compared with the large vascular disturbance in relation to 
a vestigial bud that has already been described ( Pext-fig. 2), a remarkable 
agreement will be found. The bulge of xylem behind the vestigial bud 
was, like the stele of the branch, composed of (Vz) inner xj lem passing out 
through the closing leaf-gap, and [p) outer xylem continuous with the 
thickened maigins of the gap in the xylem. Thi.s agreement confirms the 
interpretation of the marked vascular disturbance sugge.stcd in the previous 
section of this paper. 

The second branched specimen was an irregular, discoloured, and dying 
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all round the stele, although the branch stele is not yet reached, while the 
last section (F) it is still present all round the stele, although the branch has 
passed off and the next leaf-trace has reached the surface of the rhizome. 
Its appearance in this region beyond the departure of the branch is shown 
in PI. II, Photo 25, which is to the same .scale, and may be compared with 
the ordinary primary structure seen in PI. I, Photo 4. A portion of the 
stelar tube, showing the accessory xylem, is more highly magnified in 
Photo on PI, II. It will be sufficient to refer to this last figure, which 
should be compared with PI. I, Photo 1, in the following description. 

The endodermal markings were not pronounced in the necrosed tissues 
of this" rhizome, but the approximate position of the endodermis is indicated 
at e. Within this comes the pcricycle, and at ph. the phloem is clearly 
evident. Within this comes conjunctive parenchyma. In an ordinary 
rhizome the outer metaxylem (.T.e.), would have come ne.xt followed by 
the inner metaxylem {r.i.) and the pith. Ihe position of these tissues is 
indicated in PI. II, Photo 26, but to the outside of the outer metaxylem 
the irregular band of accessory xylem {x,-} is present in addition. This has 
evidently been secondarily developed as the result of tangential divisions 
taking place in the cells of the conjunctive parenchyma adjoining the 
primary xylem, and cells showing tangential division-walls are evident in 
the photograph. Many of the resulting elements have developed into 
tracheides, but otliers have remained parenchymatous. It i.s due to this 
that the accessory xylem is at places continuous with the primary xylem, 
while at other places some parenchymatous secondary tissue intervenes (cf. 
Photo 15, PI. II), This xylem was clearly a secondary development after 
the primary structure of the stele was completed. It occupies the usual 
position of a normal zone of second.ary xylem relatively to the primary 
xylem and phloem. On the other hand it is irregular, in that no definite 
meristematic layer or cambium is formed or persists outside the newly 
formed xykm. Even allowing for these peculiarities, it seem.s to me dear 
that the development of this accessory xylem should rightly come under 
the conception of secondary thickening. It is of .special interest th.at in 
Helminthostachys, where no secondary thickening is noinially found, we 
can correlate the development of this acccs.sory xylem with the inlluence 
exerted by the development of a branch from a vestigial bud upon the 
completed tissues of the main stele. 

Turning now to consider the relations of the branch to the main 
rhizome, reference may first be made to Text-fig. 5. Thi.s represents in 
outline a transverse section of the main rhizome, showing the brandi 
growing so n«arly at right angles to it that its stele is cut longitudinally 
throughout its course. The xylem is represented in black without any 
distinction of inner, outer, or accessory xylem. The leaf-trace after the 
one which subtended the branch is seen nearing the periphery of the 
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cortex on the right-liand side, and has left an open leaf-gap. The branch 
stands over the preceding leaf-gap which is now closed. The portion of 
the branch shown has presumably been laid down by the activity of its 
proper apex, and has adjusted itself to the position in which the parent 
fragment lay in the soil. The parent fragment had apparently been 
inverted in the soil, for while u indicates its upper surface, and L its lower 
surface, n. and /. indicate the upper and lower sides of the branch. The 
attachment of the stele of the first root of the branch is seen at r.’, while 
/./.' indicates by a dotted line the course of the first leaf-trace, which was 
actually shown in a neighbouring section. The branch has acquired a cortex 
of its own in the outer part of its course 
through the cortex of the main rhizome, 
but in the more basal portion the limit is 
indistinct. 

The sections represented in Text- 
fig. 6 , taken together with Photos 2 ;- 
29 on PI. 11, will serve to illu.stratc the 
relation between the branch and the 
parent rhizome in following the scries from 
behind forwards. Text-fig. 6, A, shows 
the gap, left by the leaf-trace subtending 
the branch, beginning to narrow ; the 
leaf-trace has already left the cortex. 

The xylem tube is seen to consist of 
inner and outer xylem, and of accessory 
xylem, the latter being strongly de- 
veloped at the sides of the leaf-gap. 

The position of the na.sccnt Icaf-tr.icc on 
the other side of the median line is evi- 
dent, the trace still forming part of the 
stelar tube; accessory tr.ichcidcs arc 
wanting immediately outside the trace. 

The accessory xylem has been present 
arounil the stele .since the first indication of the leaf-trace which subtended 
the gap now Ixginning to close. 

The condition a little further forward is shown in Text-fig. 6 , F, in 
which the nascent leaf-trace is more distinct, the closure of the leaf-gap has 
uir anced, and the accc.ssory xylem is very strongly developed at its margins. 
The inner xylem is also well developed at the edges of the gap. 1 n the next 
.section (Text-fig. fi,c) the endarch leaf-trace is separating, and on the left- 
hand side the gap in the xylem has become closed. The inner xylem i.s of 
con.sidcrablc thickness in this region, and has evidently taken a main part in 
eio.sing the gap. Whether the tracheidcs in the position marked ? are to be 
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reeardedas inner xylem protruded into the gap, or whether the outer x^lem 
was complete across the gap. could not be det«o>>ne^wdh certamty. Com- 
parison with the first branching spec.mcn would favour 



Text-fig. 6 , Series of transverse sections of the stele of the second liranchinj; spoimen, showing 
the departure of a leal-trace on tlie right-hand side, the dislribiilioii nf the acces-tuy i>r >eci>rd.ai} 
xylem, and the stages in closure of the leaf'ga]> on the left-hand side, and the relation tu it of the ba^' 
of the branch stele. The accessory xylem is cross-batchttl. h'lirther dc^cripUon in text. 1' *’ 

gap in relation to branch ; /./ next leaf-trace frum rhizome ; .r./., inner xylem ; c»utcr xylein ; 
x.^, accessory or secondary xylem; ?, possible extiii?ion outwards of imtcr xrlcni; .r.!?.'';., uuiet 
xylem of branch ; x.i.br., inner x)lera ol branch ; l.t.br., first leaf-ir.aco f<f branch. 


interpretation. The actual appearance in this critical region is shown in 
PI. II, Photo 27, the groups of tracheiclcs which arc doubthiUj’ rcgarilcil 
as projecting inner xylem being marked ?. The pbologiapb further shows 
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thfi great development of accessory xylem {x.'‘) to the sides of the gap 
which has just closed, and also the first indication of the development of an 
arc of xylem connecting the accessory xylem over the region of the gap. 
In Photo 28, which represents the structure a little further forward, this arc 
of accessory xylem (marked x.i>. in the upper part of the figure), destined 
to continue as the outer xylem of the branch, is fully developed, consisting 
of short reticulate tracheides. Passing into the concavity of the arc of 
accessory xylem is seen a group of smaller spirally thickened tracheides 
(x.i.) which arc continuous above with the inner xylem of the branch stele, 
1 he fact that these tracheides of the inner xylem appear to pass out from 
the region of xylem which was left doubtful at the preceding level (cf. 
PI. 11 , Photos 27 and 28) adds probability to the view that here also the 
inner xylem was continuous between the main stele and that of the branch, 
though it is not possible to state this with certainty, as in the case of the 
first branching specimen. Comparison may be made between the condition 
shown in Photo 28 for the second branch, with that shown in Photo 2j,and 
in Text-fig. 4, K, G, for the first branch. 

Beyond this level the base of the branch stele bends away from the 
line of the axis of the main stele, as has already been described. The 
swollen base of the branch stele with its xylem distinguishable into outer 
xylem (continuous with the arc of accc.ssory xylem) and inner xylem, the 
origin of which has been referred to above, is still in continuity with the 
accc.ssory xylem of the stele iu Text-fig. 6, lx Still further out, the stele of 
the branch, which h.as been seen in Text-fig. 5 to be followed longitudinally, 
narrows. The connexion between the basal transitional region and the 
narrow stele is shown in PI. II, Photo 29, which shows the distinction 
between the outer xylem of the branch and the tracheides of the inner 
xylem, forming together with parenchyma a kind of ‘mixed pith'; the 
photograph further shows how the isodiamctric tracheides of the accessory 
xylem arc continuous with the elongated tracheides of the branch, where 
it has grown in length by the activity of its proper apex. The next section 
of the series (Text-fig. 6, K) is mainly of interest as showing the departure 
of the first leaf-trace from the branch .stele, the direction of which was 
indicated in Icxt-fig. 5,/./.' The xylem of the base of the branch now 
appears complctcl)’ .separate from that of the main stele, but the other 
ti.ssues of the branch still show continuity. In tlic last .section (Text- 
fig. 6, K) all .sign of the branch ha.s gone, the .stele of the rhi/.ome is complete, 
save for the next leaf-gap in relation to the trace which has just left the 
cortex, but it is noteworthy, as already stated, that the zone of accessory 
xylem i.s still well marked, and only ceases to be devejoped after this 
leaf-gap has closed. 

If the actual connexions of the vascular system of the two branches to 
their rc.spective steles be compared, an essential agreement will be found 
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to exist. Omitting some qualifications as to the continuity of the iriher 
xylem in the second specimen made in the detailed accounts above, the 
important feature appears to be the continuity of the inner and outer 
xylems from the main stele to the branch. In the case of the outer xy em, 
this involves the secondary development of accessory outer xylem, which 
may be limited to the connecting tracts necessary, or may form over the 
whole stele for a distance of more than two leaf-gaps. \V ere the branch 
developed at or close to the apex, the connexions would probably be 
expressed in a continuity of the primary tissues, as is the case in the 
vascular disturbance in relation to some vestigial buds. This has been 
shown above to be comparable with the simpler case presented by the 
vascular connexions of the first branch. In describing the structure, it is 
impossible to avoid the metaphor of departure of tissues from the stele, 
but in interpreting it the other point of view of influences extending 
backwards from the more or less active bud is essential. Similar con- 
siderations had to be entertained in studying the vascular connexions of 
branches developed from vestigial buds on the rhizome of Botrychium 
lunaria} 


3, Rhizomes of Juvenii.e Type. Progression from .Juvenile 
TO Adult Type. Condens.vtion from Adult to Juvenile 
Type. 

In the preceding pages the structure of rhizomes with mcdullated and 
distinctly mesarch steles has been described, the origin of the leaf-trace 
and its progre.ss through the cortex has been followed, the vascular dis- 
turbance of the stele in relation to the vestigial bud ha.s been analysed, 
and the vascular connexions of branches developed from such buds have 
been described. This section will be devoted to the structure of the stele 
and leaf-trace in small rhizomes of the juvenile type, and to the relations 
between the adult and juvenile types of anatomy. 

The available material has consi.sicd of the two small rhizomes arising 
as lateral branches, of a number of young plants undoubtedly developed 
from embryos, and of some small rhizomes which might have come cither 
from small branches, or by further development of embryonic plants. The 
uncertainty (in the absence of the characteristic basal region) is due to the 
fact that the structure of small branches and of plants of embryonic origin 
is essentially similar. Branche-s of llelminlhostachys have not been described 
in detail, though Fig. 2 of Farmer and Freeman’s paper gives the external 
appearance of a shoot of this nature, and the small rhizome, the stele of 
which is figurcS in Fig. 23 of the same paper, was pre.sumably a branch. 
The anatomy of young plants has been described by Campbell and by 

^ Ann. of I 5 ot., xxvii, j>. 2^55. 
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myself. Some redcscription is however necessary, since I am unable to 
agree with Campbell’s interpretation of the structure, or with his view of the 
constitution of the stele of the young and old plants. 

Anatomy of the branches. Both the branches, the connexions of which 
with their main stems have been described, were much smaller than their 
respective parent rhizomes. Their stclar anatomy approximated to that of 
embryonic plants, but was easier of interpretation, since the vascular 
elements were more numerous. They had the further interest of a known 
continuity of the tissues of their steles with the corresponding regions of the 
parent stele. The first branch was followed in a complete transverse^eries, 
while the lower region of the second branch (including the origin of the 
first leaf-trace and first root) «-as cut longitudinally, and the remaining 
portion transversely. 

■ The origin of the first branch has been traced to the stage at which its 
stele (ju.st before attaining a definite coitex of its own) lay beside the 
decaying broken end of the parent fragment (Te.xt-fig. 4, j ; PI. 11 , Photo 24). 
The stele of the branch, thus completely organized, had a cylinder of xylem 
slightly oval in transverse section, and around this a zone of tissue some five 
or six cells deep, enclosed by the complete endodermis. Presumably 
pericycle,, phloem, and conjunctive parenchyma were repre.sepled in the zone 
between the endodetmis and the xylem, and the sieve-tubes soon become 
recognizable in the transverse section. The chief interest is. however, in the 
constitution of the xyltm. This was solid, in the sense of having no definite 
pith, though parencliymatous cells were scattered through it. There was 
a clear distinction between outer and inner or central xylem. The 
tracheides of the zone of outer xylem (Photo 24, x.o.) were larger, and 
showed a roughly radial arrangement like that found in the outer .xylem 
of the adult type of stele; their walls were pitted. The tracheides of the 
inner xylem (Photo a4,.r.i.) were smaller, stained less deeply, and their walls 
were rcticulatcly or spirally thickened. 

Judging by the appearance of the elements of .xylem, it would be 
natural to regard the stele as centrarch, i. c. as liaving a central group of 
protoxylcm elements .surrounded by a zone of mctaxylem. The backward 
connexion of thc.se two components of this stele has, however, been shown 
to be with the inner and outer (accessory) .xylem of the main axis, 
respectively. That this connexion indicates the right intcrprebition of 
the stele of the branch is confirmed as soon as preparations for the 
departure of the first lc,af-tr.acc become evident, A small group of elements 
now recognizable at the limit between the outer and inner xylem is un- 
doubtedly the protoxylcm of the nascent trace, and its positirjn demonstrates 
tlic mcsarch construction of the small stele. This stage is represented in 
I’l. Ill, Photo ■jc. The leaf-trace xylem is thus derived from a small arc 
<>f the Outer xylem, with a protoxylcm group on its inner f,icc, and as 
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it separates from the xylem of the stele (PI. Ill, Photo 31), the oilter 
xylem becomes at once complete around the inner xylem. A little further 
on (PI, III, Photo 33) the leaf-trace and stem-stele are still enclosed by the 
common endodermis, but the xylem of the leaf-trace has become completed 
adaxially, in a similar fashion to what has been seen in larger rhizomes. 
The xylem of the stele is almost solid, with outer xylem surrounding a small 
central core of inner xylem mixed with parenchyma. This condition is 
maintained for some distance after the trace has definitely separated from 
the stele, as is shown in PI. 11 1 , Photo 33, where the section passes through 
the vestigial axillary bud (t).) in relation to the departed trace. The stele 
already shows the first indication of the position of the protoxylem for the 
second leaf-trace. The xylem of this trace is seen .still forming part of the 
stele in PI. Ill, Photo 34, and it will be evident that a small definite pith is 
present, the inner xylem being practically replaced by parenchyma. It is 
unnecessary to follow the anatomy of this branch node by node, especially 
as it showed no further advance towards the adult type. Indeed, after the 
departure of the .second leaf-trace, the stele, though usually showing a small 
pith, was smaller than at the base of the branch, and more like that of 
a young plant. 

While the .departure of the first leaf-trace from the stele of the first 


branch has now been examined in transverse section, the corresponding 
region of the second branch was shown in longitudinal section. The general 
relations of the inner and outer xylems of this branch to the stele have 
already been described and discussed. As .shown in PI. !I, Photo 29, the 
base of the branch had a well-developed outer xylem comjioscd of |>ilted 
tracheidcs, and centrally a ‘mixed pith’, consisting of narrower tracheidc.s, 


with spiral and reticulate markings, and rather abundant parenchyma. 
The same .structure was traceable as the stcio became more slender, and 
it was evident that this branch, while corresponding in the position of inner 
and outer xylem to the first branch, tended to have the inner xylem 
laigely replaced by parenchyma. It was possible to prove also, from the 
longitudinal sections, that the leaf-trace departed from the outer xylem 
only, and that the stele was to be regarded asmesarcb. I’l. Ill, Photo 35, 
shows the base of the departing leaf trace, and it will be clear that while 
a gap is left for some distance in the cylinder of outer xylem, the inner 
xylem {x.t.), consi.simg of long spiral trachcide.s. can be traced straight 
on within this gap, just as it can on the lower side of the .stele. The 
behaviour of the inner xylem here is thus essentially similar to what held 
for the first branch, allowing for the fact that in this case more medullary 

inconsistent with regarding the 
cen rjiy placed trachcides as protoxylem. while they agree with reg.arding 

has a ^ b.'sal connexion 

has already suggested. 
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The stele of the second branch had from its base more central 
parenchyma than that of the first specimen, and even before the departure 
of the first leaf-trace may be said to have a definite pith. This is clearly 
marked above the leaf-trace departure, and it may be noted that nothing 
in the arrangement of the cells suggests ‘ intrusive ’ origin of the pith, which 
is indeed enclosed within the peripherally placed remains of the inner 
xylcm. A short distance further on (cf. Te.vt-fig. 5) the first root springs 
from the ventral side of the branch, and from that level onwards the stele 
is much larger, and has a wide pith surrounded by a tube of xylcm. There 
is little indication of inner xylem in this region, the pith occupying its 
position, though occasional tracheidcs occur. 

The distal portion of the basal region of this branch, as seen in longi- 
tudinal section, naturally corresponds to the appearance of the next portion 
cut tiansversely. In PI. Ill, Photo ^6, the first leaf-trace {l.t?) is seen just 
after it has undergone division. The endodermis is complete around the 
.stele, which .shows the relatively large pith surrounded by a tube of xylem. 
This is almost entirely outer (centripetal) xylcm, though occasional single 
tracheidcs of the inner xylern were found. Dorsally, the xylem for the 
second leaf-trace is recognizable in the >tclar ring, its protoxylem, in the 
absence of inner xylcm, abutting on the ])ith. The next photographs 
(PI. Ill, Photos 37-, py) show the interesting histole'gical changes associated 
with the <le[)arture of this leaf-trace. Photo 37 shows the cndarch xylem 
of the trace jint scjiaiated from that of the stele. The g.ip in the tube of 
outer xylcm. which is left by its separation, is partially bridged acro.ss by 
the development of a number of trachcide.s of inner xylern. In Photo 38 
the develojmient of inner xylern across the gap in the outer xylem is much 
more riiarkod, and inner xylern fs also present in the lower p.irt of the stele. 
The le.if-tracc is still within the common cndodemik In the next stage 
(Photo 59) the trace and stele have their respective cndoderrnal layer.s 
complete, the trace .slv-w.s only .slight indications of adaxial extension of its 
xylcm, and the stele h.as almost retur ned to the condition from which wc 
.started (cf. Photos 39 and in h.avirtg almost no tracheides of inner 
xylcm developed in the central pannclryma or pith. The position of the 
protoxylem of the nascent third leaf-trace is recognizable at pxl The 
attachment of the second root is seen at the ventral side of the stele in 
Photo 3S. 

I'hc rhythm exhibited in tbc dr.sappcarancc anil reappearance of the 
inner xylcm in thi.s .small medullatcd .stele will be discussed later, after 
the corresponding facts for young plants have been described. The two 
branches described show agreement in csscnti.il.s of con.struclion, though 
rncdullation by replacement of the inner xylcm was earlier and better 
m.aiked in one case lh.in in the other. Poth show, however, that the small 
stele is to be regarded a.s mc.sarch, although the inner xylem consists 



28 


Lang.—Sludies in the Morphology and 


of spiral or reticuiate tracheidcs, stod may fail to develop in some regiotis 
of the stem. The leaf-traces in the first branch showed adaxial completion 
of their xylem, while in the second branch this was only slightly indicated. 
Another interesting difference, for compari.son with young plants, was that 
the first leaf on the one branch was an arre.sted structure, while in the 
second branch it was shown by its vascular supply to have been normal. 

A nalomy op young plants. The anatomy of young plants developed 
from embryos will be dealt with as briefly as pos.sible. The main facts 
are recorded by Campbell and myself in the existing literature, but not 
in the form required for comparison with the branches and the rhizomes of 
adult type. What is further necessary may be brought out by following 
a series through part of a well-developed young plant, such as that figured 
in outline in the previous paper of this series.' Such a plant would show 
the large foot at the base, the primary root with its vascular system con- 
tinuous with the base of the stem stele, but not in the same straight line 
as this, and the strictly dorsiventral construction of the further growth. 
The plant actually selected for description had borne four expanded leaves 
dorsally, and a number of roots (in addition to the diiferently placed 
primary root) ventrally. 

Transverse sections of this plant at various levels are represented in 
Text-fig. .;, the external outline, the endodermis, and the xylem only being 
shown. The scale did not allow of a distinction being made in thc.se figures 
between the inner and outer xylem. In Text-fig. a, the continuity 
between the stele of the first root and the base of the stcm-slcle is seen, and 
this root is seen to differ from all the later ones in standing on the morpho- 
logically dorsal side of the plant. B and C show the hypocotyledonary stele, 
while D, E, F, G show the departure of the first leaf-tr.icc, the slit leading 
down to the first vc.stigial bud being evident in The .second loot is seen 
in F. The departure of the second leaf-trace extends from ii to K, the last 
section passing through the vestigial bud ; I, shows the third root and the 
preparations for departure of the third Icaf-tr.icc. while in .M this trace is 
seen with its axillary canal. In N the fourth Icaf-tracc is distinct from the 
ste e, and the attachment of the fourth root is seen. Beyond this, the 
-rtele passes into a more meristematic condition, the last tracheidcs visible 
m p being a dorsal group in relation to the young fiftli leaf, and a vcntr.il 
group belonging to this region of the stele ; in connexion with this, the fift'h 
root is developing. ’ 




illustrated h.r Ph V oi the stele of this plant arc 

mustrated by Photos 40-46, on PI. HI. The xylem of the hypocotyl 

exhibited a central group of tracheidcs surrounded by a more or Ims 
definite zone of somewhat larger traclifiHr»« t k’ • l • 

at the level figured (PI, III PWo k r K 

B I , I'lioto 40), but became more regular and closer 

' p. 30, Teil.fig, 9 », 
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a "little higher up, before any indication of the departure of the first leaf- 
trace was evident. Longitudinal sections of this region in other plants 
showed that the central xylem consisted of spirally thickened tracheides, 
while the peripheral ones were pitted. Owing to this structure, the stele 
was described in my earlier accounts as centrarch, the inner xylem being 
regarded as protoxylem, which it resembles histologically. For reasons 
that will be further evident below, I am now led to distinguish even in these 
slender steles between inner and outer xylem, as in the case of the branches 
previously described, and to correct in this sense my earlier statements, 



Tf.x T-K ic;. 7. Scries of transverse sections of the rhizome of a small plant, developed from an 
cmliryo, to sliow ihe relative positions of the various organs. The outline of the rhiiome is given, 
that of the stele is a ifoitcd line, the ivlcm i< black. Description in teil. /.*, /.*, /.*, succes- 
Mve leaves or leaf-traces ; r}, t}, r.’, t r.*, successive roots; z';*'.*, second vestigial bud. i he slilB 
leading to other vestigial buds .are also shown. 


The stelar xylem in the hypocotyl can be regarded, as in the further 
regions of the shoot, .is composed of a dorsal portion destined to continue 
outwards as the first Icaf-tracc. and a ventral portion which is more strictly 
caulinc. At the level of the R-ction represented in PI. 3, Photo 41, the arc 
of outer xylem destined for the leaf-trace is rendered distinct from the 
lower portion of the stele by the group of parenchyma immediately within 
its endarcli protoxjdem. The true protoxylem for tlic trace was evidently 
placed immediately within the outer xylem, thus indicating the mesarch 
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nature of the stele in the hypocotyl. On the separation of the leaf-trace 
xylem (PI. Ill, Photo 42), the outer x-ylem becomes complete around the 
inner xylem of the stele, which again forms a solid cylinder. For some 
distance the stele, now belonging to what maybe termed the first internode 
of the epicotyl, maintains this appearance. Then parenchyma again appears 
in the central xylem, replacing many of its elements, and shortly after this 
the second leaf-trace becomes clearly recognizable, forming the dorsal half 
of the stele (PI. HI, Photo 43). In this section the xylem of the leaf-trace 
is again .seen to be endarch, and to be continuous with the outer xylem 
of the stele. This outer xylem is one or two tracheides thick in the lower 
portion of the stele, and surrounds the .small ‘ mixed pith consisting of 
a number of parenchymatous cells, and some three or four tracheides of the 
inner xylem (x.i.). The separation of the leaf-trace xylem would evidently 
leave a gap in the outer xylem, but before this takes place (PI. Ill, Photo 44) 
the inner xylem is found to be much more strongly developed, rendering 
the stem portion of the stele almost solid again. Indeed, before the leaf- 
trace xylem completely separates (PI. Ill, Photo 4,-,), the outer xylem in the 
stem stele becomes continuous, so that on the departure of the trace, the 
stele is left with a complete .'olid xylem strand consisting of inner and 
outer xylem. In the preparations for the departure of the third leaf-trace 
medullation again takes place by replacement of the inner xylem by 
parenchyma. Thus in PI. Ill, Photo 46, the xylem of the nascent third 
trace is recognizable, forming the dorsal portion of a stele that has a .small 
pith, scattered tracheides of inner .xylem round this, and a continuous tube 
of outer xylem. 

It is unnecessary to follow the change.s node by node, for the facts just 
given will be sufficient to show the rhythmical nature of the changes in the 
stele associated with the leaf-trace departures. It should be mentioned, 
however, that this stele never became quite solid above the departure of the 
third trace, a small pith persisting. The second root arose front the ventral 
surface of the rhizome, just after the first Icaf-tnace separated from the stele, 
and the third root was inserted shortly after the .stage reachcil in PI. Ill, 
Photo 46. The leaf-traces of this plant were endarch, and showed no 
adaxial completion of the xylem, but cases in which thus was effected have 
been observed in other young plants. 

The progression from the juvenile to the adult type of rhizome. The 
comparison of the stelar structure of young plants and branches on the one 
hand, and of rhizomes of different diameters, but with the usual adult type 
of stele, on the other, reveals an essential correspondence. The chief 
differences in the adult t\pe, apart from size, concern the definite and 
persistent medullation ; the development of the elements of the inner xylem 
as pitted tracheides and the occurrence of an internal endodermis. 

The origin of the pith in the seedlings and other small rhizomes 
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studied shows no indication of being intrusive. The pith arises by the greater 
or less development of parenchyma in the central region of the stele. 
There is no indication of conversion of tracheidal elements to parenchyma, 
but this phrase expresses in a general way the mode of origin of the pith, 
since different plants or regions exhibit completely solid inner xylcm, inner 
xylem with scattered parenchymatous cells, mixed pith with parenchyma 
predominating in the central region, and lastly a small pith where the 
central region is free from tracheides. It m.ry therefore be stated definitely 
that a pith, such as that shown in PI. Ill, Photos 3$, 39, 46, is purely 
intrastelar and in no way due to intrusion. 

None of the seedlings, branches, or juvenile rhizomes of uncertain 
origin showed the actual progression to the fully adult type of stele with an 
internal endodermis, but comparison of rhizomes of different sizes of both 
juvenile and adult type gave a series which lent no .support to the view that 
at a later stage of development an intrusive pith was present in addition to 
the primary intr.istclar pith. To draw the line on the appearance of an 
internal endoilermis would be wholly artificial, as this may be present, 
incomplete, or absent in rhizomes of various .sizes. The value of the 
internal endodermis in this plant as an indication of the limit between stele 
and intrusive cortex is further discredited by the occasional appearance of 
an internal endodermis in the b.ise of roots, as described earlier in this 
paper. 

With regard to the change in inner xylem from spiral or reticulate to 
pitted tracheides, the latter characterizing the inner xylem of the adult type 
of rhizome, the evidence of direct transition in any one piece of rhizome is 
also lacking. But it has been shown, in considering the branches and young 
plants, that the inner xylem of the juvenile rhizome behaves like the inner 
metaxylem of the adult rhizome in the region of the leaf-gap, and also that 
in the ca.se of brandies there was continuity between the inner xylem of 
the main rhizome and the branch. The question of the transition between 
the two histological types in the ontogenj-, though it would be interesting, 
is not vital to the morphological interpretation of the stele. That there is 
a transition at a certain .stage may reasonably be assumed. 

Since none of the slender rhizomes of juvenile type, though some of 
them consisted of a considerable number of nodes, showed the advance to 
tlie adult type, it is clear that this is not nccessaril)' (or perhaps even 
usually) attained quickly. In one piece of rhizome, however, a rapid 
transition from the condition with .i stele with a solid xylem to the fully 
adult structure was exhibited, and, though peculiar in some w.iys, this 
rhizome may be briefly described. It was probably a branch, since, while 
much thicker th-m any young plant, the first leaf-trace was imperfectly 
lignified and supplied an arrested leaf. The character of the leaf-traces and 
their departure have already been described (see PL I, Photos I 4 ~t 9 )i 
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all that need be done is to refer to the progress in size and in stelar 
complexity. 

This piece of rhizome measured about an inch and a half in length, and 
rapidly increased in diameter from the narrow basal end till its full diameter 
was attained and then maintained. Its diameter at the base was slightly 
over 2 mm. and the diameter of the adult region was about 7 mm. A 
transverse section at the base (Text-fig. 8, a) showed the xylem of the first 
leaf-trace already separate from the stelar xylem, but within the common 
endodermis. The xylem of the stem stele was complete, showing no 
indication of a gap, and at this level was practically solid, only a few 
parenchyma cells being scattered among the more central tracheides. There 
were indications of a distinction between somewhat smaller tracheides of 
the inner xylem and the zone of outer xylem, though the limit was not easy 
to decide definitely from transverse sections. Where the sections were 
slightly oblique, it could be seen that the inner tracheides were spirally 
thickened and those of the outer xylem pitted. The stele at this level, 
though larger than the other examples described, was thus of the juvenile 
type. The xylem of the departing first leaf-trace was clearly endarch. It 
did not show adaxial completion, and indeed as it became further removed 
from the stele ceased to be lignified ; it was evidently related to an 
arrested leaf. 

Meanwhile, parenchyma had become more definitely present in the 
central region of the stele, replacing some of the inner xylem and forming 
a small pith, around which a broken ring of elements of the inner xylem 
remained. The distinction between the outer and inner xylem was evident 
on the appearance of the protoxylem of the second leaf-trace, which had 
elements of inner xylem internal to it. Then the inner xylem disappeared 
opposite to the nascent endarch trace, the pith being continuous into the 
concavity of the latter. The xylem of the trace, derived from the outer 
-xylem only, almost closes round as it separates from the xylem of the stele 
(Text-fig. 8, c). The adaxial closure becomes complete later, and this trace 
passed through the u.su.il elepsydroid stage and divided just before it 
departed from the cortex. While the separation of the second trace has 
been proceeding, the stele has enlarged and is provided with a greater 

definite pith. The inner xylem is especially well represented as the 
gap closes. 


It i.s unnecessary to follow the elaboration of the stelar structure 
urther m this rhizome, but this portion is of interest in showing how, 
between the departure of the first and second leaf-traces, the xylem' passed 
10m he solid condition with inner and outer xylem to the definitely 
medullated condition found m small rhizomes of the adult type of structure. 

^oniposed of 

pitted tracheides, but it was evidently by now or not much further on. The 
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relative size of the rhizome and stele after the departure of the third leaf- 
trace is seen in Text -fig. 8, D. The rapidity of the transition in this rhizome 
can be associated with the greater size of the stele even at the base, and 
presumably with more effective conditions of nutrition. The comparative 
sizes of stele and rhizome from the base to the attainment of the full diameter 
can be followed in the diagrams in Text-fig. 8. When the full size was 
attained (Text-fig. 8, E) the stele showed the size and complexity of the 
fully adult type, but had no internal endodermis. 

Condensation of slelar structure from the adult to the jmenik type. It 
is usual to find the primary structure of a young plant or a branch con- 
tinuing on the up-grade of elaboration until the adult type is reached and 
then maintained. It was of interest, as bearing on the significance to be 



TK\T-ri(J. Stlcctcrl ln\iis%cise sections to bhow tbo progr<ssion in and stclar complexity 
111 a rapidly widfninfj piece of rhii«.»me. a, h, showing* departure of the first Itaf-irace; C, at the 
U'Vfl of tlie fir>t vestigial but! and showing the second kai-trace on the left; P, the leaf-trace at 
the cleps)dryid stage; E, the full-sirxd rhunme showing a dividing Itafdrace at the jxiriphcry 
of the cortex. /.*, /.*, icaf-t races of the f>f>t three leaves; j'.*, stele of the first tool ; / ?,, dividing 
kaf-tracc of full-slred region ; /.r., protoxylcm group of next leaf-trace. 

.iltachcd to this progressive elaboration of the .stele in the ontogeny, to find 
.1 converse cliangc exhibited by certain rhizomes, in wliich a condensation 
or reduction from the adult to the juvenile type of stele could be traced. 
This was associated with diminution in size of the rhizome as a whole, and 
may reasonably be regarded as due to growth under less fatourable 
conditions of nutrition. 

The amount and nature of the condcn.xition will be evident on com- 
paring transverse sections of the stele of the .same rhizome at different 
levels, photographed to the same scale. Thus Thotos ji and 52 on PI. Ilf 
.are respectively further from and nearer to the apex of the same piece of 
rhizome. The former shows the u.sual structure of a small rhizome of adult 
type, with a definite pith surrounded by a xylem-tube with wcll-deveioped 
outer and irregular inner xylem. This rhizome actually had an imperfect 
internal endodermis. Passing towards the apex of the piece of rhizome 

D 
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there was a progressive diniinulion in thickness, and the stele exhibiled 
changes similar to those seen in the ascending series of complexity traced 
in rhizomes of increasing size, but in a converse direction. At the level 
shown in Photo 52 the stele agreed in size and organization with those of 
small blanches or young plants in which the scattered elements of inner 
xylem formed, with the cells of the central parenchyma, a mixed pith. 
The stele had returned to the juvenile type, and the changes in relation to 
the departure of a leaf-trace agreed with this. A corresponding, though 
less extreme reduction, is seen on comparing Photos 48 and 50 from 
another piece of rhizome. Both pairs of photographs show that there is 
a corresponding reduction in the size of the leaf-trace. 

Such specimens seem to indicate clearly that the simpler type of stele 
characteristic of normal young stages in the ontogeny of Ilelminthostachys 
is to be associated with small .size and less efficient nutrition. The same 
juvenile structure can be resumed when from any cause an adult rhizome 
becomes again feeble and more slender. 


4. On the I.vterpretation of the Constri ctio.s of the Rhizome 
A.ND Stele in Hf.i.minthostachys. 

In the preceding parts of this paper a number of facts have been 
described which amplify our knowledge of the anatomy of Ih hninthostachys. 
In the description of the facts theoretical interpretations have been touched 
upon as lightly as possible. Some general considerations may fitly be 
placed here, and are neces.sary in order to properly discuss Professor 
Campbell's views on this plant. 

If the descriptions of the adult rhizome, the branche.s, and the young 
plants are compared, an essential similarity in construction will be found to 
underlie the differences presented by rhizomes of various sizes. As regards 
general morphology the rhizome is throughout dorsiventral, the ventral 
region bearing roots but no leaves, while the dorso-latcral leaves alternate, as 
shown by their Icaf-traccs, to either side of the middle line. In relation to 
each leaf is its vestigial axillary bud, which may be more or less displaced 
in front of the leaf-trace-in adult rhizomes usually by the whole length of 
the leaf-gap. There is thus a general indication of a segmental repe- 

tition of the parts of the shoot which will need to be considered further 
below. 

stelar construction between the juvenile and 

Sm 'r'f ‘trough the adult 

rhmme (Text-fig. 2) be considered, it will be evident that while the large 

xylem a different levels. 1 h,s especially concerns the inner xylcm The 
xy em, on the one hand, diminishes in amount (and often disappears). 
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nternal to the protoxylem of a nascent leaf-trace, by the development of 
)arenchyma replacing more or less completely the xylem elements. On the 
)ther hand, the pith is diminished immediately above a leaf-gap by an 
ncreased development of inner xylem forming a marked bulge inwards. 

When this rhythm is considered in the light of the stclar structure of 
imall rhizomes it gains in significance. Thus in steles with a small pith like 
hat shown in Photos we find the inner xylem least developed just 
jefore the leaf-trace begins to separate, while on the separation an increase 
)f the inner xylem takes place, which is especially marked on the dorsal 
lide of the stele below the gap in the outer xylem. In this case, as in the 
idult rhizome, the pith persists even where the inner xylem is at its greatest 
levelopment, and this is on the dorsal side of the stele below the closing 
eaf-gap. In other cases, and especially in the basal nodes of the young 
dant (Photos 41-46), the inner xylem is less developed as the trace 
arepares to separate, and the subsequent inerease of inner xylem leads to 
;otal filling up the centre of the stele so that the pith is interrupted at the 
base of each internode.' Whatever be the ultimate e.xplanation of it, the 
rhythm in proportional development of inner .xylem and pith is the same in 
large and small rhizomes. 

The pith can be seen to arise in HdminthosUxchys by the increase in 
the amount of parenchyma in the centre of the stele. Usually scattered 
elements of parenchyma are present in the inner xy lem, though this may 
consist of tracheidcs only’, .and all grades between this and the complete 
replacement of inner xylem by parenchyma may be found in juvenile steles. 
The rhythmical variation in amount of the inner xylem appears in some 
case.s to negative the idea of the pith being of ‘ intrusive ’ origin. Thus, in 
such cases as those shown in Photos 55 and 38, the pith is cut off from the 
outside by the inner xylem,- the leaf-gap only affecting the outer xylem. 
It is only in the adult rhizomes with larger leaf-gaps that continuity 
between the cortical and medullary parenchyma is marked, and it is in 
these regions that an internal endodermis is often developed. The appear- 
ance of this is not suggc.'.tive, however, of its being a morphological limit 
between an intrusive cortical pith and the stele the occasional presence of 
.an internal endodermis in the root is further evidence against attaching 
morphological importance to it in the stem. A still further argument 
•against regarding the pith as cxtra-stclar is afforded by its reduction and 
the distribution of tracheides through it when the stele exhibits condensation 
from the adult to the juvenile type (cf Photos ji, ,i2). 

Though the inner xylem differs in its histological features in the 

* .\ similar rftiini t.i a stele after a leaf-liacc ilepartare is .lescriLeJ for a small plant of 
I'Aty, hittm iunaria by iiuwer Ann. ol Hoi., xxv, p. 

* Cf. /wwsirftj, Ann. of Jlol., ixvii. p. ay, I'l. XX, Photo and the discussion 

•‘'>d comparison with CsmunJii there. 

’ A similar conclusion was rcachcil in the case of /»'. /n/wrr'a. II id., p. 1 1 7 - 



36 Lang.-Sludm in the Morphology and 

juvemle and t^l\7Z regaTde! 

T?e mesaTchy fshown vvhe«= the protoxylem for the leaf-trace 
as mcsarck > hy interpretation is supported by the behaviour 

of ’the spirally thickened tracheides of the inner xylenr at such leaf-trace 
as" hose in Photos 35 , 37. 3«, behav.our qurte .ncons.stent 

'''‘'''rnLtenfiat'milarhy in the small and large steles, though 

the a^^Ll construction differs in rhizomes of different s.ze. U rs usual o 
6nd the primary structure of a young plant or a branch continuing on the 
up-grade of elaboration until the adult type is reached and maintained. 
This is natural and intelligible whether the ontogenetic progression is to be 
looked upon as a phylogenetic recapitulation or “ 

cumulative increase in strength and nutritive power of the ph n The fact 
that in Helminthostachys the earlier grades in the progression may ^ 
maintained for many nodes of a rhizome, or, on the other hand, may be 
rapidly passed through, suggests that the physiological explanation may 
be^he more important. This is further shown by the juvenile structuie 
being resumed when rhizomes of adult type become more slender under 

unfavourable conditions of nutrition. Thus the usual progression must be 

regarded as an expression ot physiological diifcrcnccs, and its use to an 
inLx of phylogenetic history must be critically considered in this light. 
In Hebninthostackys at least the physiological interpretation seems inevitable, 
whatever phylogenetic value may be attached to the different manifestations 
of the underlying tj’p*^ °f construction. 

The essential structural fact appears to be the existence of two com- 
ponents in the xylem, inner xylem and outer xylem. Various indications 
suggest that this may be a distinction of fundamental imirortancc in the 
general mor[rhology of the conducting system of a shoot. Not to go into 
detail here, it may be mentioned that a similar distinction has been made m 
the case of the independently evolved conducting system of Mosses,' and 
that it is exhibited by the stele of the Lycopodiales, Kquisctalcs, and 
Sphenophyllales. It is present in the stele of the adult stem in some herns 
(e. g. Gleicheniaceac) and is indicated in others. The distinction is clearly 
suggested in the slender basal region of the stems of many young herns. 
But the most interesting cases in the Ptcropsida arc found in a number of 
relatively archaic groups, such as the Osmundaceae, the Cocnoplcjideae, 
especially the Zygopterideac, and also in some C>'cadofilices. 

Leaving phylogenetic considerations out of the question for the present, 
the Ophiogloiisaceae appear to find their place with the last-named groups, 
as regards the general comparative morphology of the stele. 1 he Ophio- 
<zlossaceae are of peculiar interest on account of the range of variants of the 
^ Cf. Tanslc) aod Chick ; Aim. of Hot., voK xv, p. i . 
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same essential type of primary construction they present. In Helmintho- 
stachys the inner xylem is better represented than in any other existing 
niedullated plant. Indications of inner xylem are found in Botryckium, 
and a mixed pith may occur as a residt of traumatic disturbance. In 
Ophiogtossum tracheides may be developed throughout the pith in branching 
rhizomes, while strands of tracheides occur normally in the pith of some 
specimens of Ophiogtossum pendulum} 

In attempting to get a deeper insight into this distinction of inner and 
outer xylem, it must be borne in mind that the descriptive statement that 
a leaf-trace ‘ departs ’ from a stele is metaphorical. The vascular system 
has no such individuality or power of branching. In the light of develop- 
ment it must be regarded as laid down along certain tracts, determined 
partly by the meristematic con.struction,and partly by influences proceeding 
backwards from the growing points of the main axis, or of lateral leaves or 
branches. While our knowledge of the necessary facts is too imperfect to 
make any inference more than tentative, it is suggested that the central 
region of a stele may be directed from the main apex, while the peripheral 
region is largely influenced from the developing leaves. In support of such 
a conception of the vascular structure, it may be pointed out that the study 
of the Ophioglossaceae has shown clearly the reality of such backward 
influences along more or less predetermined tracts, in the case of the 
va.scular connexions of the branches. This was evident in the study of 
the branches of Botryclnum luuaria, and has been shown above for 
Uclminthostachys. In the latter plant we sec further that such an influence 
may extend to the main stele, and modify its structure all round and for 
a considerable distance ; the extensive development of accessor)' or secondary 
xylem in the second branching .specimen was clearly due to the influence of 
a developing branch upon the mature primary structure of the stele. 

In the preceding considerations, the stem with its stele has been 
regarded as the unit. It is possible, however, to regard the rhizome of 
Hclmiuihostachys as exhibiting a segmental construction from three rows 
of segments, two dorso-iatcral and one ventral. The distinction of the 
dorso-lateral segments is pretty clear, since each bears a leaf and its 
related vestigial bud ; the distinction of the ventral segments which do not 
bear leaves, and on wliich the roots arc borne, is less evident. Such a con- 
struction differs in the existence of a ventral region not having leaves, from 
the radial construction exhibited by Botrychium, where each segment bears 
a leaf and a bud. The dilTcrencc here shown between these dorsiventral 
and radial t)'pes of rhizome is of course present in Ferns at large, but this 
preliminary consider, ition m.ay be confined to the Ophioglos,s,vccae. 

The radial and strictly dorsiventral types of sluxrt, w ith the gcjieral 
appearance of a segmental construction, as .seen in Botijihium and 
' IVlry ; Hot. (Jarcltc, vol. Ivii, p. 1^3, Figs. U, 13. 
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Helniinthostachys, are paralleled by the independently evolved shoots 
of the sexual generation of Mosses and leafy Liverworts respectively. 
In the case of the Bryophyta we know that the construction of the mature 
shoot is directly related to the apical segmentation. To what extent such 
a relation holds in the case of the more massive shoots of Ferns is, in my 
opinion, an open question which requires fuller investigation. The view 
has been expressed on the one hand that the leaf-development in Ferns 
is independent of the apical segmentation.' On the other hand, we know 
that in certain cases, such as Ceratopteris, the relation between apical 
segment and leaf holds, and this is also stated to be the case for the 
dorsiventral rhizome of Polypodinm rulgxre^ The appearance of the 
mature regions of both radial and dorsiventral shoots is at least consistent 
with assuming .such a relation to hold, and is otherwise insufficiently ex- 
plained. If such a segmental relation holds for Ihiminthostackys, for example, 
it would explain the regular succession of the lateral members in a way 
that docs not involve the acceptance of any view that denies the existence 
of an axis. On such lines we should be prepared to find that the stele of 
the rhizome could be regarded, in part at least, as cauline, though influenced 
profoundly by the leaves. 

The segmental construction with two rows of dorso-lateral and one 
row of ventral segments is indicated, not only in the general morphology 
of the rhizome of Hehmnthostachys, but also in the stclar .structure. It is 
shown most clearly in smaller rhizomes, where the whole of each dorso- 
lateral segment of the outer xj lem of the stele i.s continuous with the 
outgoing leaf-trace. Since the segmental construction is of the rhizome 
as a whole, the vascular system being developed along certain tracts 
through this, only two of the segments may be evident in the stele itself, 
the third being indicated by the departing leaf-trace. In the le.ss extended 
adult type of stele all three segments arc represented in any one section. 

Thus the three components of the stele are represented in a large 
rhizome, such as that inTe.xt-fig. 1, u, by the ventral portion where the roots 
are borne, the right dorso-lateral portion concerned with the vestigial bud. 
and the left dorso-lateral portion concerned with the next leaf. In small 
steles the distinction of three parts is shown in Photo 32, where the ventral 
portion and the right dorso-lateral portion arc evident in the stele of the 
stem , while the left dorso-lateral segment is represented by the departing 
leaf-trace. The same thing is shown in Photo 52, where the dor,so-lateral 
segments are indicated by the leaf-trace (/.r.), and by the region with the 
protoxylem group [px.) of the next trace already evident. The rest of the 
stele corresponds to the ventral segment. 

If the stele be traced into the meristematic region behind the ape.x. 

' cr. the discusion of thi; c,uc5tioii in the Land Horn, on. l-s-“ 

' Klein : Dot. Zeit,, 1884, p. '' 
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the same distinctions can be drawn so far up as the procambial strand 
exhibits any lignified elements. PI. Ill, Photo 53 shows a transverse 
section of a stele at this level ; the outline of the procambial cylinder can be 
traced, and in it two groups of protoxylem elements are lignified ; one of 
these marked l.t. corresponds to the leaf-trace supplying the youngest 
developing leaf, while the other {px.v^ is the early formed xylem of the 
ventral segment. A corresponding independence of the ventral region of the 
xylem has been traced to close behind the apex in a number of small 
rhizomes. 

We are now in a position to consider the divergent views expressed by 
previous investigators of Helmiulhoslachys, as to the evidence for or against 
the stele, or a portion of it being cauline. 

According to the work of Farmer and Freeman’ on adult rhizomes, 
the stele can be followed to the apex of the stem beyond the youngest 
leaves and roots, and hence is cauline. These investigators further empha- 
size the evidence afforded by the ventral side of the dorsiventral rhizome, 
from which leaves are absent, while the vascular tissue can be traced up to 
the apical mcri.stcm. With this view, according to which there is a stem 
with a .stele which in part at least is strictly cauline, 1 am in essential 
agreement. 

Campbell, who has inve.stigated the question mainly on young plants, 
a number of which he describes in some detail, comes to a very different 
conclusion, which will be clear from two quotations, remembering that he 
takes as his starting-point ‘ the single axial strand of collateral .structure 
throughout cot) ledou and root ', as found in the young plants of some 
species of Ophioghssum. From such strands he derives directly the dict)’o- 
stelic arrangements in Ophuglossum and Maraltiaceae. After considering 
thc.se he continues ; • ‘ The second type of skeleton is that found in Bdrxthiuin 
and Hdminthost'h hys. This is a solid, hollow cylinder, with inconspicuous 
leaf-gaps, resulting from the union of the broad leaf-traces which fuse 
completely to form this hollow stele. That the cylindrical bundle, or 
siphonostclc, is not due to the formation of a pith within the proto.-teie 
is clearly shown by the dcvcioirincnt of the bundle in the young sporophyte 
of Bohychium, where it can easily be seen that the component bundles arc 
separate at first, and that the pith, .so called, of the siphonostele is merely 
a portion of the ground tissue that is included between them, and which 
later becomes entirely separated from the cortical tissue. A similar con- 
dition of things may be found in tracing the development of the vascular 
c)lindcr in the young stem of IkhninthosUxdiys’. 

In describing the .structure near the tip of the yo\jng rhizome of 
tidminthostachys. Campbell says® earlier in the same work: ‘ I'rom thi.s 
■Study of the development of the leaf-traces, following them from the stem 

‘ Loc. cit., p. 4JS, • Loc. cit., p. 214. * I ix. cit., p. 
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apex downwards, it appears that the cylindrical stele in 
arises in precisely the same way as that of Botrychinm, viz. by the umon 
of the leaf-traces. The appearance of procambium upon the ventral side of 
the stele, which itt longitudinal section appears to be derived directly froni 
the stem apex, can thus be explained by the ventral extension of the broad 
leaf-traces, which meet on the lower side of the stem as well as above, and 
the cylindrical stele is thus developed. It is not impossible that Ae root- 
traces may also contribute to some extent to the development of this ventral 
portion of the stele.’ 

If the last sentence is taken to mean that a ventral portion of the stele 
not derived from leaf-traces is always present, this view would not differ 
so fundamentally from the segmental analysis of the rhizome and stele 
indicated above, though the idea of root-traces ‘ contributing to the stele 
is even less satisfactory than that of entering leaf-traces.^ It is clear, how- 
ever, from the context, from the description of particular plants, and from 
the view of the nature of the pith expressed in the first quotation above, 
that Campbell recognizes steles of young plants as resulting entirely from 
the union of successively older leaf-traces. This view leads him to interpret 
certain structural appearances in a way that I am unable to accept. 

Thus, if the description of a young plant given on pp. 71-3 of ‘ The 
Eusporangiatae ' and illustrated by Figs. 49 and 50 be referred to. it will be 
found that the anatomical relations of the leaves and stems arc followed 
from above downwards. The bundle from the youngest leaf is traced 
inwards from above the level of the stem apex to a plane below this. Not 
even a meristematic or procambial equivalent of the stem stele is recognized 
as present below the apex for the trace to join on to, but this leaf-trace 
is regarded as forming the whole of the stele present in the rhizome below 
the apex. On to this the trace of the next older leaf is followed, so that 
the stele below is regarded as made up by the union of the first and 
second leaf-traces, no stem portion other than this being recognized. The 
double nature of the xylem in this stele below the entry of the second trace 
is figured in detail (Fig. 50), and explained as being due to the portions of 
xylem derived respectively from the two leaf-traces. 

The difficulties which have led to this interpretation of the facts seem 
to be due partly to the extreme closeness of the apex to the youngest 
developing leaf, and partly to the fact that the actual apex is sunken and 
ventrally displaced. Thus the leaf-trace is met with above the level of the 
apex, and below this level may be lignified, while the cauline component 
of the stele is still procambial. The double mature of the xylem of the 
stele behind tltp junction of a leaf-tr.acc is readily seen, and is accurately 
figured by Campbell, but the lower of the two components is not traceable 
to the next younger leaf, but, as shown above, is the ventral and cauline 

' Roots and leaves Ijotli lie yef;atil(-l as influencing the differentiation of the stele. 
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portion of the stele. This is most clearly seen on following the changes in 
the stele from below upwards, and this method also shows the intrastelar 
development of the pith which is naturally called in question on Campbell’s 
view. 

A further argument against Campbell’s interpretation is afforded by 
the vascular structure of the hypocotyl. In this region also the stele 
appears composed of a dorsal portion continuous with the first leaf-trace, 
and of a ventral portion. Apart from the fact that the ventral portion is not 
traceable into the second leaf (as would be necessary on Campbell’s view), 
it would appear a strained interpretation of the ventral and often larger 
portion of the stele below the first leaf, to regard it as due to the vascular 
strand entering from the next younger leaf ; the latter was probably not 
developed when the vascular structure of the hypocotyl was determined. 

This question has been discussed at some length because the interpreta- 
tion of the vascular structure of the Ophioglossaceae given by Campbell has 
wide bearings on the general morphology of vascular plants. His view is 
in accordance with a phytonic theory, and while applicable with some 
difficulty to the stelar .structure in Ophioghssum, meets with greater 
difficulties in the stele of the shoot of Bolrychiiim, which is also radially 
constructed. It appears to be almost negatived when the attempt is made 
to apply it to the dorsiventral shoot of HdminthosUvhys, where there is 
a ventral component not bearing leaves. 

On the alternative view held in thi.s paper, the segmental construction 
of the .shoot is recognized, but is not regarded as inconsistent with the 
primary exi.stenco of an axis upon which the leaves arise as lateral 
appendages. Both the segmental construction of the shoot and its morpho- 
logical unity require to be recognized. I’hytonic theories may be said to 
ovcr-emph.a.sizc the first feature, while opposing views tend to minimize the 
reality of .segmental construction. This general aspect of the question 
cannot, however, be further discus.sed here. 

5. COXCI-IDINT. REM.\RK?. 

In the first number of these .studies,' the direction which a number of 
features of the rhizome of Bolrydiium lunaria indicated for the relationship 
of the Ophioglossaceae to other plants was very briefly considered. The 
general view expressed was that ‘ the stelar structure, the mcdullation, the 
construction of the leaf-trace, and the nature of the branching, are all 
consi,stcnt with a rclation.ship of the Ophiogios,saceae to the ancient Fern 
stock, the general features of which are indicated in the relatively primitive 
groups of Ferns, .such as Zygopteridcac, Botryoptcridc.ic, O.smundaceac, 
Hynicnophyllaccac, &c.’ This is in general accord with the views expressed 
by Renault and Scott,- and with the position now given to the group by 

* I.ih:. cit.. p J^o. * SlutJics in Kos.ill llotany. 640. 
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Bower,’ and will not be further discussed here. It is confirmed by this 
study of Hetminthostachys. 

Without dwelling on the question of actual relationship of the group, 
some of the main data for comparison afforded by this plant may be 
reviewed, and possible comparisons indicated. In doing this it is necessary 
to extend the field of comparison to some of the Cycadofilices. The main 
features of importance for comparison in the rhizome of Hetminthostachys 
are (a) the presence of inner and outer xylem, (b) indications of secondary 
thickening, (c) peculiarities of the leaf-trace, {d) axillary branching and the 
vascular relations of the branch. These may be briefly discussed in order. 
The comparisons indicated are not to be taken as necessarily implying 
actual relationships. 

(a) The distinction of inner and outer primary xylem is, as has long been 
known, exceptionally clear in the large adult rhizomes of Hdminthostachys. 
An essentially .similar construction has been shown in this paper to hold for 
small rhizomes, where, however, the inner xylem docs not consist of pitted 
tracheides ; it may be solid or form a mixed pith. The progressive 
elaboration exhibited by the stele of Hetminthostachys is particularly 
instructive, as the zone of inner xylem is preserved even in the large 
rhizomes. Thus comparing Hetminthostachys with other Ophioglossaceae 
we have an interesting range of variants on a fundamental type of con- 
struction. In the one direction we have the Oyhiogtossnm type with 
a reticulum of collateral bundles, consisting of outer primary xylem and 
phloem, all trace of inner xylem having irsually disappeared. On the other 
hand, we have the Botrychiiim tunaria type w ith only traces of inner xylem 
round the pith, but with a well-marked zone of primary outer xylem passing 
on the outside into the zone of secondary xylem in large stem.s. In 
other species of Botrychinm, c.g. B. virgiitianum. the radial arrangement of 
the elements of xylem begins at once, so that in this respect no equivalent 
of the primary outer xylem of B. tunaria or Hetminthostachys is recog- 
nizable. In the species of Botrychinm we find the same problem of what is 
to be regarded as primary xylem that faces us in the higher Gymnosperm.'^. 
The same general direction of elaboration of a monostcle appears to have 
been followed independently in several lines of Filicalcs, and in the 
Lyginodendreae, while parallels can be traced in other groups such as 
the Lepidodendreae. 

As to how far the distinction of inner and outer xylem can be usefully 
followed in the Filicales, cannot be discussed here. Among existing Fern.s 
it is clearly seen in such forms <as the Gleicheniaceac, and the same line of 
interpretatiorwean be applied to the Schizacaccae, where the elaboration is 
in many respects parallel to the Ophioglossaceae. The distinction is also 


> Handworterbucl. der Natmissenschaften (191.,), Bd. iii, p. 9_,j. Tl.c fall stattmcnl of tht 
alleraative view of a relationshi]. to the I.ycopodialcs is in the I.and Hoia (1908). 
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suggested in the case of the Marattiaccae when the young plants are con- 
sidered. The most interesting compari.son.s are, however, with the extinct 
Zygopterideae and Botryopterideae, and with the Osmundaceac, which have 
been shown by recent investigation to show signs of a common origin with 
these. It would lead too far to follow the comparisons in detail at present, 
but it may be pointed out that the closest comparisons can be drawn between 
Helrmuthostachys and those forms in which the inner xylem consisted of 
elongated tracheides mixed with parenchyma, rather than with those in 
which a gradual conversion of actual elements of the inner xylem into short 
parenchymatous cells is suggested. The two processes are, however, probably 
not fundamentally distinct. Osmunda appears to still possess a zone of 
inner xylem around its pith, and is thus comparable with Hdminthostaxhys. 
The parallel is even closer 'txi'MccaHelmtnthostacliys&nd some Zygopterideae, 
notably Metachpsydropm duplex, Ankyropleris Grayi, and A. corrugata, 
although a central pith is not present in them. The steles of these 
plants with mesarch decurrent protoxylems are. in fact, paralleled by 
the condition found in the smaller stems of Hchniulhostochys with a mixed 
pith, the inner tracheides being histologically different from those of the 
outer xylem. The condition in Ihlminthostachys with a me.sarch but solid 
xylem may be compared with what is sometimes found in Botryoptcris} 
Whether the comparison can be extended to some other Botryopterideae 
and to the Hymenophyllaceac, where the narrow inner elements of xylem 
appear, on our present knowledge, to be really protoxylem, is not so clear. 
T he protoxylem may possibly be central in some very slender young plants 
of Ihlminthostachys where the inner metaxylem is practically wanting, but 
in all strong plants the metaxylem was mesarch as described. 

The parallel may be extended to the primary structure of some 
Cycadofilices, where the inner xylem is of the Hetcranginm type, and outer 
primary xylem is seen in the leaf-tracc.s. The significance of smaller remains 
of centripetal xylem, as in Lygitwdendnm, will be referred to below in 
connexion with the leaf-trace structure. 

{b) Secondar)' thickening. In Hclminthostachys there is normally no 
secondary growth, though (as is also seen in the Zygopterideae and some 
other b'erns) there may be an ajrproach to an irregular radial serration 
of the tracheides. As is .shown by the pieces of rhizome which bore 
branches, however, a localized development of tracheides in the normal 
position of secondary xj lem can take place long after the primary structure 
was mature. Though there is no regular persistent cambium, this must be 
regarded as a special case of secondary thickening, all the more interesting 
because something is known of the stimulus that starts the process. It may, 
on the one hand, be compared and contrasted with the more regular 
secondary thickening in Botrychium, and, on the other, with the secondary 

* i f. v\nn. of Ik>t., xxv. I'l. I.XXXII, Kijj. 13 a. 
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thickening known in the stems of some Zygopterideae. The marked 
secondary thickening in BoirycMoxylon appears more closely comparable 
to what occurs in Botrychium, but the stem of Aniyropteris corrugata 
appears to offer features suggesting a comparison with Helminthostachys. 
It may not be without significance that the only specimen of A. corrugata 
in which secondary thickening has been described and figured was branching. 
The secondary growth, described as ' only a local formation superadded to 
the normal woody zone',’ is most marked in the larger of the tw'o steles 
shown in the cross-section of the branching specimen. The few existing 
Ophioglossaceae afford examples of .all grades of replacement of the 
primary wood, with both centripetal and centrifugal xylem, by the 
secondary wood, and raise the same difficulties in homology and nomenclature 
as are met with in the case of Cycadofiliccs and Gymnosperms. 

(c) The peculiarities of the departing leaf-trace of Hebuintliostachys 
afford data for comparison with long-extinct plants, which are remarkable 
features to find in an existing plant with no known fossil history. These 
features make it easier to compare the leaf-trace of Helminthostachys with 
the Zygopterideae and such Cycadofiliccs as Calamopitys and Lyginodendron 
than with other existing Ferns, except perhaps the Osmundaccae. No 
detailed comparisons will be made here, and this is the less necessary since 
the main points to which reference must be made are raised In recent 
works on the Zygopterideae, and were summarized by Dr. Paul Bertrand in 
the ‘Progressus Rei Botanicae’ for 1912. 

It must be borne in mind that while the leaf-trace as it arises from the 
stele is monarch in the Ophiogloss.accac, Osmundaccae, and the Cj'cadofilices 
mentioned, it already possesses two groups of proloxylcm where it separates 
from the stele in those Zygopterideae in which the leaf-trace departure is 
best known. This is not .an essential distinction, since tlic two protoxylem 
poles in the Zygopterideae may be regarded in some cases at least as 
derived by division of one, and since further there is .some reason to regard 
the traces of the simplest known Zygoptcrid trace {CUpsydropsis) as having 
been monarch at departure. It is a question of how far down into the stem 
the double nature of tlie leaf-trace is continued. 

Dr. Paul Bertrand and Kidston and Gwynne-Vaughan agree in com- 
paring a stage in which the departing leaf-trace of such an Osmundaccous 
plant as Thamnoptcris exhibits two protoxylem groups immersed in the 
metaxylcm of the trace, with the structure exhibited by the pctiolar bundle 
0 Cepsydropsts. The traces of Astcrochlaena, Metackpsydropsis, and 
Diplolabis pass through a similar stage. Those of Ankyroptens Orayi and 
A. corrugata qply differ in having a small central extension of the inner 
xylem or mixed pith of the stele. This .soon dies out, and the central 
portion of the trace xylem becomes solid. This elepsydroid stage is of 

’ S,otl : Trans. Linn. Soc,,™, 1912, p, 3-f,^ j.p XL, l ij., 19. 
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importance as affording a simple expression of the double leaf-trace which 
assumes such complicated forms in the petioles of the Zygopterideae. If 
the origin of the trace of Clepsydropsis itself, as described by Bertrand, be 
included in the comparison, we can contemplate a preceding stage in which 
the xylem of the departing trace includes a single protoxylem. In any 
case this monarch stage is realized in Thamrwpltris, and may be spoken of 
as the pre-clepsydroid stage. 

Dr. Bertrand’s interpretation of these structures differs considerably 
from that of Kidston and Gw)’nne-Vaughan.' The essential point for our 
purpose is brought out by the nomenclature used by the former investigator, 
who describes all these traces as ‘ divergeants fermes This idea of a closed 
divergent appeajs to imply that the outer xylem of the trace is completed 
adaxially. It may or may not include a portion of the mixed pith or inner 
xylem, but except in so far as it does this it is not mesarch in the sense in 
which this term applies to the stelar tube of Hclminthosiachys. i. e. as being 
composed of outer and inner xylem. This conception of a closed divergent 
plays an important part in the detailed accounts of Tern anatomy by 
Bertrand and Cornaille, and has rtcently been more directly applied to the 
Cycadofiliccs by Chodat. The clcp.sydroid stage is on this view naturally 
regarded as composed of two closed divergents. 

While the other Ophioglossaceae " have leaf-traces that are most readily 
compared with the C-shaped trace of many recent Ferns, Hclminthosiachys 
in the variety of its leaf-trace departure comes into line with the plants 
referred to above. As has been shown in the detailed descriptive account, 
its leaf trace exhibits every degree of adaxial completion of the arc of outer 
xylem with which it is continuous in the stem. It goes far to justify the 
conception of the closed divergent as distinct from the mesarchy exhibited 
by the stelar tube of X)-Icm. The inner xylem may or may not extend for 
some distance into the departing trace, being included within the closed 
divergents of the prc-clcpsjdroid or clepsydroid stages. As in the case 
of Ankyroptcris, the inner xylem soon di.sappcars from the trace, but its 
presence enables a clear distinction to be drawn between the adaxial com- 
[ilction of the xj'lem of the trace and true mesarchy. There is a striking 
resemblance between the clepsydroid stage of the departing trace in 
Udminthoshichys and that in Clepsydropsis and the various Zygopterideae 
mentioned above. The prc-clcpsydroid stage in Hchninthostachys is com- 
parable to the similar monarch .stage in ThamnopUris, especially when the 
adaxial completion of the xylem Lakes pl.ice before separation from the 
stelar xylem. 

' r. Bertr.ind: rrogics.su» Kci Uotan,, vol. iv, |i. ifj; Kiditon nnj 0 »Tnnc-Vaiighaa : 
I’roc. k. .S. KJinti., vol. Mviii, j'. 435, and Trans. R. S. Edinb., vol. alvi, p. b;4, and vol. xlvii, 
I'l’. 4<>9 <f. 

^ The occasional adaxial cotnplction of the xjteni in Pclr^'ihiari lunjrid must be remembered 
rn this cynnexiLiii. Ann. of Rot., axvii, pp. ray and J39. 
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It would lead too far to extend the comparison in detail to the Cycado- 
filices and the Cycadaceae, but it must be pointed out that there is 
a close resemblance between the monarch stage of the leaf-trace in 
Helminihostachys and in Calamopiiys, a resemblance extending to the stage 
of division of the trace in the cortex. This comparison may be also applied 
to Lyginodendron, and the reality of the adaxial completion of the xylem in 
Helminthostachys supports the interpretation of the 'mcsarch' bundles of 
Lyginodendron as closed divergents.* This view does not necessarily 
pre\ent a comparison of the bundles of the latter plant with those of 
Cycads. for one way of regarding them would be as derived from such 
a closed divergent. 

These comparisons, without fully treating the subject, will indicate that 
the leaf-trace of Helminihostachys resembles those of the Osmundaceae, 
Zygopterideae, and Cycadofiliccs more than it does those of the more 
modern leptosporangiate Ferns. 

(d) The branching of Helminihostachys also affords suggestive points 
of comparison with the Zygopterideae and Cycadofiliccs. The branching is 
definitely axillary, and buds or branches In this position .are hnown in some 
Zygopterideae and in Lyginodendron. Among other Ferns axillary 
branching is only known in the Hymenophyllaccac. Tliis position of the 
lateral branches is the characteristic one in the Cordaitalcs and in the 
modern Conifers and Angiosperms. 

The branching of Helminthostachys m3.y first be compared with that of 
Botrychmn. In both these genera of Ophioglossaceae there is a regular 
development of dormant lateral growing points or vestigial bud.s in an 
axillary position. From tbc.se. when the normal correlation is disturbed by 
the arrest of the growth of the main axis, lateral branches may develop. 
In Botrythium lunaria the vascular system of the branoh is in relation with 
the adaxial side of the subtending leaf-trace. In Helminthostachys, on the 
other hand, rvhilc the relative position of the branch and the subtending 
leaf-trace is the same, the vascular connexion is with the stele of the 
rhizome some distance above the level of the Icaf-tracc dcp.irture. In the 
case of one branch at least it has been proved that the inner xylem of 
the branch stele was continuous with the inner .xylem of the rhizome, while 
the outer xylem was continuous with an accessory or secondary develop- 
ment of the outer xylem of the main stele. 1 lad the branch developed at 
once, instead of after the stele of the rhizome was mature, the inner and 
outer xylems would both doubtless have been continuous from the main 
stele to that of the branch. This primary relation is indicated in the 
structure of the vascular disturbance behind some vestigial buds 

The vascular connexion of the axillary branch in Botrychium lunaria 


^ Chodat : Arch. d. Sc. Phys, et Xat,, ipoS. 
Zygopt^ridees (Lille, 1909), pp. 264 ff. 


Cf. aUo P. iicriran<! ; K(u<ics sur la Fronde dcs 
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is comparable to what is found in the Hymcnophyllaceae and in some 
Zygopterideae, such as Ankyropteris Grayi. On the other hand, the relation 
of the branch-stele in Helminthoslachys to the stele of the main axis, and 
not to that of the subtending leaf-trace, is comparable to what is found in 
some other Zygopterideae, where, however, a relation of the branching to 
a leaf-axil is not established. Thus the branching in Bolrychioxyhn, Anky- 
ropteris cormgata, Diplolabis Romeri. and Metaclepsydropsis duplex is 
described as dichotomous, ‘using the word in the somewhat loose sense, 
which is inevitable when dealing with fossils The facts regarding the 
branching of the Zygopterideae have been recently summarized and dis- 
cussed by Scott, and it is only necessary to refer to his recent papers.' It is 
clear that in this group of plants we meet both with branches standing in 
the leaf-axils and connected with the meristcle of the subtending leaf, and 
with branches the steles of which were related directly to the stem. In 
the latter cases, to which the term dichotomy is applied, the two branches 
were sometimes equal, and in other ca,ses the appearance was of a smaller 
stele attached laterally to a main one. Dr. Scott leaves it open whether 
the dichotomy is the more primitive condition, the axillary association with 
leaves being secondary and derived, or whether the dichotomies may be 
really cases of modified lateral branching. The regular presence of dormant 
axillary apices in Bolrychium and Helminllmlachys appears to be in favour 
of the relation between leaf and branch being part of the primary con- 
struction of these plants. The vascular relations of the branches in 
HcUninthostachys are directly with the stele of the rhizome. It is easy to 
see how with greater separation of the branch from its subtending leaf, and 
somewhat .stronger development of the branch, a state of affairs would 
result indistinguishable from what is described .as dichotomy in some 
Zygopterideae. Were a branch rudiment to develop close to the growing 
point of the rhizome of Hclminthostaekys, the main rhizome continuing its 
grow th, an appearance of equal dichotomy would probably result. 

In any case there is a striking parallel both in the variety in the vascular 
relations of the branches to the main .shoot, and in the details of the 
vascular connexions, between the Zygopterideae and the Ophioglossaceae. 
The regular pre.sence of lateral branches or supprcs.sed buds in .some of 
these plant.s must be given due weight in considering the general question 
of whether lateral monopodial branching is primitive or derived from 
dichotomy. The case of the Ophioglossaceae appears to support the 
former view. 

The argument for a relationship of Ophioglossaceae with Zjgopteri- 
deae is clearly stated and advocated from the side of the extinct plants in 
Ur. Scott’s paper on Botrychioxylon. More detailed study of Helmintho- 
stachys strengthens the case for this affinity from the side of the existing 
* Ann. of UoL, xxvi ^912% pp. 57-60; Trans. Linn. Soc-, ser.. Hot. xii. 
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plants by revealing additional and unsuspected resemblances in the morpho- 
logy and anatomy of the stem and leaf-trace. If our knowledge of the 
anatomy of Helminthoslachys was based on the four pieces of rhizome illus- 
trated in Text-figs. 2, 3, Text-fig. 4, Text-figs. 5 and 6, and Text-fig. 8, it 
may reasonably be stated that we should find our closest comparisons not 
among existing Ferns, but with the palaeozoic Zygopterideae and Cycado- 
filices. If these resemblances indicate the true affinities of the isolated 
group of the Ophioglossaceae, the latter present an interesting contrast, as 
regards the evidence, to the Osmundaceae, which there is also reason to 
trace back to the ancient Fern stock. In the case of the Osmundaceae 
we have fossil remains e.xtending our knowledge of the group back to 
Permian times. In the Ophioglossaceae the conclusion that there is a true 
affinity with Zygopterideae seems, if anything, more inevitable in the light 
of the primary structure of the stele, the secondary thickening, the structure 
of the leaf-trace, and the nature of the branching. The evidence is here 
derived from comparative anatomy with a practical absence of any historical 
record between the early palaeozoic I'erns and the Ophioglossaceae of the 
present day. 


St MMARY. 

1. The rhizome of Hebmntiwstachys exhibits a general segmental con- 
struction, and may be regarded as comitosed of three series of segments, 
one ventral and two dorso-lateral. The insertion of a leaf, with its stipular 
sheath and axillary bud, corresponds to each dorso-lateral segment, the 
leaves alternating right and left of the median line. The ventral segments 
do not bear leaves. This arrangement holds throughotit the plant. 

The transition from a leaf into its region of the stem is a gradual one 
and it is hardly possible to speak of definite intcrnodcs in the adult plant. 
In the slender shoots of young plant.s the leaf insertions are more separate 
and internodes may be distinguished, at least in the stclar anatomy. 

It is not stated that the segmental construction of the rhizome is 
related to the cell-segmentation at the apex, though it would be consistent 
with such an c.xplanation. 

2. The stele of the adult rhizome has a large pith, and the tube of 
xylem around this is mesarch, i.e. consists of outer and innei- xylem, the 
protoxylem elements being found between them. The inner xylem may 
be more or less extensively represented; in smaller rhizomes there may 
on y be scattered tracheides at the periphery of the pith, and sometimes the 
latter abuts ducctly on the protoxylem. 

3. The roots are endogenous, but only penetr,atc a comparatively thin 
zone of cortical tissue. The xylem of the root is continuous with the outer 
xy em of the stele of the rhizome, and when the inner xylem of the latter 
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is poorly developed there may be a more or less direct continuity of the 
parenchymatous pith of the root and rhizome. The pith in the root base 
sometimes has a well-marked internal endodermis independent of that often 
found in the rhizome. 

4. The dorsal side of the stele is disturbed by the leaf-traces and in 
relation to the ve.stigial bud.s. 

The leaf-trace exhibits considerable variety in its mode of departure, 
structure, and mode of division in the cortex. In large rhizomes it may 
depart as a mcsarch portion of the stelar tube, though the inner xylem is 
always le.ss developed within the trace, and gradually dies out as the latter 
depart.s. In other cases the inner xylem disappears from the nascent leaf- 
trace, which departs with an cndarch xylem. 

The leaf-trace, whether mcsarch or endarch, may divide into two in the 
cortex without adaxial completion of the outer xylem or the other tissues. 
More usually, this adaxial completion of the xylem takes place before 
division, and the phloem as well as the endodermfs may also be completed. 
Adaxial completion may takx place just before division of the trace ; in 
other ca.scs the xylem is completed adaxially while the trace is .still 
monarch, and sometimes even before its xylem is free from that of the stole. 
This condition, in which the monarch trace has a complete ring of outer 
metaxylem surrounded by phloem and endodermis. may persist until the 
undivided trace leaves the rhizome. L’.'U.dly. however, divLsion of the trace 
is effected, and ju.<t before this the leaf-trace has a dumb-bell-shaped outline 
with a protoxylem group in each hall, the metaxylem being continuous 
from the abaxial to the adaxial xylcni between the two protoxylem groups. 
This has been termed (followingC. M. Bertrand .and Cornaillci the clepsydroid 
-tage. 

In Icaf-tr.accs which arc mc.sarch and also show- adaxial completion of 
the xylem, a clear distinction can be drawn between the two conditions ; 
they both involve the presence of metaxylem to the inside and outside of 
the protoxylem, but arc es.sentially different. The leaf-traces of small 
iliizomcs are always endarch at departure, and inay or may not exhibit 
more or less complete .adaxial extension of the xylem. 

5. The disturbance of the .stele in relation to the vestigial axillary buds 
varies in degree, being most marked in the case of large adult rhizomes, 
inrl wanting in many smaller ones. In all cases, however, the endodermis 
remains open, or opetrs again, in relation to the dormant lateral apex. In 
well-marked examples, the bulge of xylem behind the bud corresponds to 
the stele at the base of a lateral branch in consisting of inner xylern 
.'iirroundcd by outer xylem, both being continuous with the corresponding 
ti.ssue of the main stele. 

The vestigial bud is in relation to the subtending leaf, and exhibits 
some variety in position relatively to the corresponding leaf-gap ; it is 

!■; 
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usually at the level of the separation of the next leaf-trace, but is sometirhes 
further forwards and in smaller rhizomes nearly always further back. 

6 . The vascular relations of two branches, developed from lateral buds, 
to their parent rhizomes are described, and place the nature of the dormant 
buds beyond doubt. 

The xylem of the stele of the branch is composed of a central strand 
of tracheides of the inner xylem surrounded by a zone of outer xylem. The 
inner xylem is continuous with the corresponding tissue of the main stele, 
w’hile the outer xylem of the branch is continuous with the outer xylem of 
the rhizome, or rather with a secondary development of this, to which the 
name ‘ accessor}’ xylem ' has been given. 

This accessory xylem has the characters of an irregular secondary 
thickening of the stele of the rhizome, and may be dcr cloped not merely in 
the direct tract backwards of the branch stele, but all round the main stele 
and before and after the brttneh departs. 

7 . The inner xylem is unequally developed at different levels in the 
adult rhizome, and e.xhibits a regular rhythm of decrease and incrca.se in 
the dorsal region of the stele. It diminishes or disappears opposite the 
nascent leaf-trace, and is especially strongl}' developed as the leaf-gap close.s. 

A corresponding rhythm is traceable in slender juvenile rhizome.s. 
The inner xylem may be largely replaced by parenchyma before a leaf- 
trace begins to separate, but increases ag.ain in amount as this happens, 
bridging across the gap left in the outer .xylem by the departing trace. In 
small rhizomes this increased development of the inner xylem may lead to 
the stele becoming solid on the de|)arture of a Ic.if-tracc, to become 
medullated again as the next trace is initiated. 

8 . The structure of slender rhizomes with the juvenile type of stele i< 
described both for plants developed from the embryo and for branche.s. 
These show essential agreement, with differences in detail depending parti;- 
on the strength of the shoot, and partly on the earlier or later development 
of a pith by leplacement of most of the inner xylem by parenchy-ma. 

The inner xylem in the young plant and the slender basal region of 
the branches consists of spirally thickened tracheides, and histologically 
resembles protoxylem, h.s real nature is shown when the true protoxylcin 
IS di.stinguishable between outer and inner xjlcm in relation to a nascent 
leaf-trace, and by the behaviour of the inner xylem .at the seiraration of the 
trace. That the more central xylem of the branch, in spite of its histologic.d 
characters, is to be regarded as inner xylem is further shown by its con- 
tinuity with the inner xylem of the main axis. 

9- The Juvenile type of anatomy may be maintained for many nodc- 
and no example showing the transition from the seedling structure to the 
adult type has been studied. Rhizomes of different sizes show, however, 
that the change from the juvenile type of structure to the adult condition 
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(in which the stele has a large and definite pith and a well-developed inner 
xylem consisting of pitted tracheides) is to be regarded as a process of 
further expression or elaboration of the structure found in the more slender 
rhizomes. It is probably related to increased strength and nutrition of 
the plant. 

An exceptionally rapid transition from a condition with a solid stele to 
the fully adult type is described in what was probably a large well- 
nourished branch. 

10. That the juvenile type of structure is to be regarded as an 
expression in miniature of what is found in full-sized rhizomes, and is to be 
explained on physiological grounds, rather than as a necessary phylogenetic 
recapitulation in the development of the individual, is further shown by 
full-.sized rhizomes which become more and more slender. In such cases, 
presumably dependent on poorer nutrition, the stele with adult structure 
assumes in the slender continuation of the rhizome the juvenile size and 
structure. A condensation of structure is shown in such cases, the converse 
of the expansion or elaboration exhibited in the normal ontogeny. 

11. The segmental construction of the rhizome, referred to in the first 
paragraph of the .summary, is more or less clearly reflected in the stelar 
anatomy. Corresponding to the ventral segments, a lower, purely cauline 
portion of the .stele is recognized. By tracing the tissues towards the apex 
this is confirmed. The .stele is regarded as in part at least cauline, and 
not as made up of the united leaf-traces enclosing between them a portion 
of the ground tissue as the pith, as on Campbell’s interpretation. Both the 
segmental construction of the shoot and its morphological unity, as expressed 
in recognizing axis as well as leaves, have to be taken into account. 

13 . Comparisons are made with the Zygopterideae and Cycadofilices 
a.s regards the outer and inner xylems, the secondary thickening, the 
peculiarities of the Icaf-fr.ace, and the nature of the branching, and confirm 
the general view of a relationship between the Ophioglossaccae and the 
more primitive I'crns. 


DESCRIPTION OF FIGURES IN PLATES MIL 

llliislralin'; Vrofcsseir L:in^*s p3]s:r on hys 

(All these figures urc from unlouched photographs.) 

r,, enilodcrniis : r.i., internal emtoitermis ; ph., phloem ; .t'A, outer aylem ; jr.f., inner xylem ; 
/e, I 'ltptoxylem; n.^., .al)axi.i! portion of xylem of Icaf-liace ; aii,, adaxial portion of xylem of leaf- 
trace ; .T.-, !.econil.rry or accessory xylem. 

PLATF. I. 

Photo I. rortion of vascular tube of a rhirrimc of adult type, showing the well-developed inner 
xylem. x fly. 
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Photo 2. Similar portion of the vascular tube from a smaller rhirome; the inner xylem is 
represented by scattered elements, x 67. 

Photo 3. Similar portion of the vascular tube from a rhir-oine with irre<;ularty developed inner 
xylem; in the centre of the portion the proloxylem abuts on the parenchyma of the 

pith. X 67. 

Photo 4. Transverse section of a laj^e adnll rhUome, showing the stele, from which a leaf-trace 
has departed, leaving the leaf-gap. The leaf-trace is seen in the clepsydroid stage in the cortex. 
The hasal connexions of two roots with the stele are shown, x 25, 

Photo t;. Leaf-trace from the adult rhizome figured in Photos 4 and i, and Plate II, Photos ao, 
21. showing an advanced stage of the adaxial extension of the xylem. The protoxyleni of the trace 
has divided in preparation h)r the division of the trace ; internal to each of the two groups of 
protoxylem, a small amount of inner xylem persists, x f>7. 

Photo 6. Same leaf-trace as in the preceding photograph, but a little further out (cf. Photo 4). 
The outer xylenr is complete adaxially, and a hand of tracbeides connects the abaxial and adaxial 
portions, dividing the central parenchyma into two portions. In each of them remains of the inner 
xylem are still present in front of the protoxylem groups, x fi;. 

Photo 7. Dorsal portion of a stele of a small rhizcmie, showing to the right the disturbance of 
the endodermis in relation to a vestigial bud and on the left the arc of xylem for a leaf-tr.ice ; 
the inner xylem is almost wanting within the protoxylem the trace, x (57. 

Photos S, 9. Two stages in division of the le.if-ttacc seen in Photo 7. The division takes jdace 
without adaxial completion of the xylem, though a number of met.ixylcin elements .are present 
internal to the protoxylem groups. >• fi;. 

Photo 10. Transverse section of a Icaf-irace from a small rhizome (that in Text-fig. 4\ showing 
endarch xylem with no adaxial completion of the outer xylem. x 67. 

Photo II. Transverse section of the le.af-tr.acc shown departing from the cortex of the large 
rhizome in Text-fig. 6. The trace is monarch, the xylem has closed round to form a complete tube, 
and the protoxylem is separated from both the a<lasial and abaxial regions of the xylem by 
parenchyma, x fi". 

Photo 12. Transver.se section of another leaf-trace from the same rhi/.nme, showing the monarch 
trace, the absence of inner xylem, and the ml.ixial cxionsion of the outer xylem still incomjilete. 
X 67. 

Photo 13. The same trace as in Photo 12, a little further out. The acKaxhal extension of the 
xylem is complete, and the phloem also forms a complete tube, x 67. 

Photo 14. Dorsal portion of the stele of tlie rhizome in Text-fig. showing the preparation for 
the departure of the third leaf-trace. The adaxial extension of the outer xylem is happening 
as the arc of xylem separates, x 67. 

Photo 15. Further stage than Photo 14. The adaxial xylem is complete, but is still continuous 
with the xylem of the stele, x 6;. 

Photo 16. The same leaf-trace in the cortex, showing the complete lube of phUiem. The 
xylem of the trace is still monarch, x 67. 

Photo 17. The same Icaf-lracc in the clcpsydrohl stage, x <>7. 

Photo 18. Similar but larger leaf-trace from the same rhizome- in the clepsydroid stage, x 67. 

Photo 15. One of the hnlves into which this trace disi«le<I cf. Text fig. 8 , e , showing th*' 
preparation for the next division, x fiy. 


PL.MI:; II. 

Photo 20. Dorsal portion of the stele of the rhizome rcpr<>eutc‘l in Tcxt-fig. 2. r. To the h f' 
the nascent leaf-tr.ice is seen wiili the inner xylem diminished in amount but not w.nntlng. To thr 
right is the closed leaf-gap with the greatly developed inner xylem continuMns across and exlemli: 
outwards Into the gap still present in the outer xylem. Above this the cndiKlcrinii is raised ar. i 
open in relation to the vestigial bud. x 67. 

Photo 21, fj/mila’' seclion, corresponding to Text-Fig. 2,n, showing the full development < 1 
the bulge of xylem in relation to a vestigia! had. The bulge consists of inner xylem covered I v 
outer xylem, while the outer xylem is also extending across below to complete (lie xylem ring of tin 
main stele, x 67. 

Photos 22-24. Stages in the departure of the vascular supply from the first branching si>ccimcri. 
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(Cf. Text-fig. 4.) In Photo 33 the endarch leaf-trace is departing, its protoxylem being seen at px. 
jr.> indicates one of the two groups of accessory xylem, while x.i. points to the inner xylem extending 
into the leaf-gap and destined for the branch. In I’hoto 23 the inner xylem has passeil through the 
gap ami approximated to the uniting groujjs of accessory zykm. In Photo 24 the stele of the 
branch is fully constituted and lies beside the broken-down stele of the parent fragment of rhizome. 

X 67. 

Piioto 25. Transverse section of the stele of the second branching sfK'cimen after the branch had 
passed off. The stele shows outer and inner primary xylem, and outside the former accessory or 
secondary xylem is present all round the stele, x 25. 

Photo 26. Portion of a similar section more highly magnified, showing the relations of the 
accessory or secondary xylem to tlie primary xylem. x 67. 

Pliotos 37-39. Stnges in the departure of the vascular supply from the second branching 
specimen. (Cf. Text-fig. 6.) x 67. I'hoto 27 shows the great development of accessory or 
secondary xylem to the sides of the closed leaf-gap. It is uncertain whether the xylcrn marked 1 is 
JO be leg.arded as inner xylem passed into the gap, as in the first branching spcciiritn. I'hoto 3S 
shows the arc of accessory xylem tiestined to form the outer .xylem of the branch completed over 
the closc<l gap. Kxteniling into it are the n.nrrow tracliei<les of the inner xylem mixed with paren- 
chyma. I’hoto 3y showi the basal region of the .stele of the branch in loiigitudmal section, and 
the continuity of its outer and inner xylem respectively with the tissues recognized in Photo jS. 

PLATE 111 . 

Photos 30-34. Stele of the |jr>t branch in Im.usverse section, showing the p}epar.ilioiJ for the 
s(paration of the first Icaf-tr.tce .and the position of its protoxyltm (I’hoto so’ ; a later stage on 
the KCp.aration of the xylem of the first Icaf-imce .Photo 31. ; the first Ie.vf-lracc, with its xylem 
completed .udaxially, lying beside the xylem «>l the .sjtk of the braiicli, which ba.s now regained its 
complete structure ■ Pltulo 32) ; the iteic of the branch after dtp.aiture of the first leaf-trace and at 
the level of the vestigi.al bud (Photo 33) ; and .a later stage in tlie preparation for departure of the 
second leaf-lrtce, the piotoxylem of which was ccnlcnt in the prccetling photograph i^Photo 34). 
X 67. 

Photo 35, Longltudimal .section of the l)a?.al of ilic second branch, show ing the dep'artujc 

(if the lc.if tr.ice, which leaves a gap in the outer xylem ; the inner xykm is continuous along the gaji 
and separates the [)ith from the parenchyma in the angle of the (lcp.artii;g trace. The inner xylem 
consists of spiial tr.ichekles, while those of the outer xylem aic pitted, x 67. 

Photos 36-39. Stele of the second br.inch in tiansittsc section, blowing the stages in initiation 
and dep,artiire of the second )eaf-lr.ace. lii Photo jfi the first leaf-trace is sc-c-n divide! in the 
corlc.x, the stele is medullatevi, .and the prci.ivykm of the secomi leaf-trace i> recognizable in its 
xylem ; ihc inner xylem is almo>i ciiiirdy rejdaced by piili. In Pheto 37 the c-ndarch .t)Iem of the 
H-ciind lc'af-ir.iC(? has scp.ar.i1cd, and vk-ineiits t<{ injirr xylem h.i\e dtvcl<''p(;d bclvw the gaji left 
111 the tiil)c of outer xylem. In Photo 3S this di nKijMneni of inner xylem is still ine»re m.arkcd, .and 
inner xyk ni is seen in tlie lower part of the stele, where a lool is attaclie l. In Photo ’<^ thi lcal-trace 
IS sep.aralc and has its comj'kte ciiiksdeimis ; the iimcr xylem of the side, which iias ictunicd to the 
curulUion sliowij in Photo 36, has l.aigely disaj'inarcd, and the ptoioxylcm ul the tliird Ic.ai-trace 
is evident in the xylem lul-c. x (•“. 

riiotos .|0-4fi. Tr.insversc H'clion? of the stele of .a young plant dcvdoj>cd from an cmbiyo, 
dill wing the cii.aiigcs involved in the s4-par.ati' m of the tlist and second leaf-traces. Photo 40 shtovs 
t!ic ssele low down in the hypoioly), with ? ceiilr.il gamp of inner xylem suiroiiiidui by an iriegular 
Z"iic of miter vylein. I'hoto 4I shows the group ol ji.irenchyina cells internal to t):e arc of outer 
vylcm destined for the rtt>l le.al-tf.at'c ; the pn 'l#.xylcm ot this is cudarch. In Photo 42 the lirsl li .acc 
lii- separated, and the xylem of the sick has again iKtcomc solid. In I'hoto 43 most of it> inner 
ti 'a liei'h's .aie replacel by j'arenchyma. while llic second lc.af-tr.ac'e is initialed a> .an ciid.aich arc of 
die uiiicr xylem. I'hoto 44 : the lr.acc is not scp.irate, but the increased development of inner xylem 
in the stem stele li.as filled njv the g.tj) to }>c formed in the nuler xylem when scp.aralion takes place, 
^■'1 rendered the stem stele almost solid. Photo 45 shows a slightly further stage, ttie tr.ace xylem 
init tudng completely free, while the outer sylcni of the atom slclo is reconstituted around tlie centra! 
.N^'iip Ilf inner xylem. In Photo 46 pith is .again ap)M-.aring by the roj’I.tccmcnt of most ol the inner 
bichciiics by p.arcnclivma ; the |*rolo\vlcm of the third Icaf-lr.acc is evident, x 130, 
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Photos 47-49. Separation of a leaf-trace from a stele of a small mcdullatcd rhizome of adult 
type. The trace is cndarch at origin (Photo 47); the outer xylem becomes completed adaxially, 
while the trace is still monarch (Photo 48) ; .ind the trace later passes through the clepsydroid 
stage (Photo 49). x 67. 

Photo 50. Stele of ^e same rhizome as Photo 48, at a level nearer to the apex, showing the con- 
densation in size and strnctnre. x 67- 

Photo 51. Stele of a small adult rhizome, showing a departing leaf-trace, the xylem of which 
becomes adaxially completed before separation from that of the stele, x 67. 

Photo 5a. Stele of the same rhizome as that in Photo 51, but nearer to the apex, photographed 
to the same scale as Photo 51. The stele exhibits condensation or re<luction to a purely juvenile 
type, with scattered tracheldes of inner xylem in the undefined pith, x 67. 

Photo 53. Transverse section of the stele of a young plant somewhat behind the apex. The 
outline of the stele is evident in the procambial condition, and the first-formed tracheidcs are seen to 
occur both dorsally (Jt.) in relation to the youngest leaf-trace, and vcntrally {/j".:’.) in relation to the 
lower purely cauline portion of the stele, x 67. 



















4 




















A Comparison of the Stem Anatomy of the 
Cohort Umbelliflorae. 

liV 

CARL S. HOAR. 

With Plates IV and V. 

A S classificil at present, tl'c f.miilies Cornacoae, Araliaceac, and Umbelli- 
ferae arc placed together under the cohort Umbelliflorae. This cohort 
is in turn placed at the top of the sub-cla.s.s Archichlamydcac, next to 
the sub-class Mctachlamydcac. Such is the classification given by Engltr 
and I’rantl and followed by Knglcr and Gilg (1). 

The closeness of relationship between the families of tlii.s cohort has 
always been more or less in doubt. liecause of this doubt I have made, 
during the last yeai', a special study of the stem and root anatomy of the 
three families. My purpose in so doing has been to learn what additional 
evidence I might obtain as to their true relationships. In pursuing this 
study 1 have concerned myself esitccially with the Cornacoae, having been 
able to obtain all of the genera and many of the species native to this 
region, together with .several which are of exotic origin. With the other 
two families I have had a smaller number of examples, but their constancy 
of common charactcri.stics seem.s to confirm my conclusions. 

Of the three fainilic.s, the Cornaccac are generally con.sidercd to be the 
liiuest, w hile the Araliaccae are placed between the former and the Umbelli- 
fcrac. Such a view might easily be drawn from external cliar.actcrs alone. 
The Cornaccae arc, with one or twD exceptions {Giiiiis t nsis). shrubs, 
w hich .sometimes, as in the case of .\_yss,i .ri /; a 'fi n, become tree-like in 
appearance. The Araliaccae would seem to stand in an intermediate 
position, since, although they are often shrubby and even tree-like, yet the 
wood is seldom as well dcveloiKil, and many of its members arc herbaceous. 
I'inally. the Umbcllifcrac would seem to be the highest since its members 
are always herbaceous, with very little wood. It has been conclusively 
.shown that hcrb.iccous plants arc derived from the woody plants, frequently 
h)' the formation of large rays and the decrease of the amount of woody 
elements (f, 2 «). For this reason the external appearance of the three 
families gives the b^isis for the coiKlusions which are shown to be true 
when the flower and .stem anatomy arc taken into account. 

(Annals of Butany, Vol. XXIX. No. CXIII. January, ig>S-] 
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The family Cornaceae is composed, according to Engler and Gilg’s 
classification, of three sub-families, namely, the Mastixioidcao, the Curtisioi- 
deae, and the Cornoideae. From this family they separate the sub-families 
Nyssoideae, Davidioideae, and Alangioidcae, placing them under the order 
Myrtiflorae. As I shall attempt to show later, the evidence for such 
a separation is lacking when the anatomy is taken as the criterion. 

Of the various genera of the above sub-families, I have been able 
to secure examples of Cormis, A'yssa, Davidia, Grisetinia, Aucuha. Corokia, 
Mnstixia^ and Hehvingia. In the case of Cor tins, Nyssa, Grisoltnia, and 
Attcnbci, I have had specimens of the roots as well as of the stems.. 

Regarding the general anatomical characteristics of the Cornaceae we 
are indebted chiefly to the work of Sertorius (.3). It would seem best, perhaps, 
to insert here some of the more important anatomical characters which he 
found in his study of the stem axis. The cork .arises usually suh-epidermally , 
though Moller and Weiss state that the phcllogen in Atauha and in some 
species of Mnstixia aiises from the epidermis. Collench)'ma appears in the 
cortex in nearly all cases, though none h.as been reportcil for Mastixia. 
Cortical bundles appear only in the case of Atastixia, and arc due there to 
the leaf-trace which passes down in the cortex for a short distance before 
entering the wood. Tlic liard ba.st, as de llary (f) li.as noticed in Contus, is 
found only in the primary wood, except in Maslixia, where it i.s formed 
secondarily and stretches irregularly tliroiighont tiic soft bast, with no 
definite arrangement. In MarLa ttohoinAa, and Attatbn 

japonica no hard bast appears at all. Stone cells ;iro (|uite common through- 
out the family. 

lu regard to the wood,v axi.s proper, 1 will speak first of the vessels. 
According to Sertorius these arc nearly always scalariform. In the genera 
Alattgiuiit, Torruxllut, and Marti, i, however, there i.s a .single pore in 
the secondary wood. However, tlic pore is often drawn out, and in the 
primary wood b.ars are fvrund. In some <>f the above instances one or two 
bars have been found appearing even in the second, iry wood. 'I'hc vessels 
themselves arc usually small and isolated, with a four-siricd appearance 
from a tian.svcrse view. Ihe walls, according to Sertorius, have a]\va)’.s 
bordered pit.s where the vessels come in contact with the iiaremchyma of the 
rays, though Solercder I,')! finds simple jvits where <Ah,tiiii„ is in (jucstion. 
1 iie wood parenchyma h.is only bordered pits in some cases, while in others 
It may have both kinds or only the simple pits. Septation of traclicides is 
not a common feature, though Solcreder reports it tor Marl,;,, and 1 have 
also noticed it in Auatba japon'ua and GrisiUnia It, Ad,, root. Tlic r,i)-,s are 
in general sm9Il, being from one to five cells in width. In our native species 
they are not very abundant, but in some of the exotic genera, .sinli ,is 
Gnschnia, Corokia, &c., the r.ays are very numerous, and the indivivlual cells 
arc often quite large. 
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Among the members of the Cornaceae, Mastixia stands out as peculiar. 

I have already mentioned the peculiarity in regard to the secondary hard 
bast, and in regard also to the presence of cortical bundles. There is yet 
another peculiarity which is found in no other place in this family, but which 
is characteristic of the two higher families. This is the presence of secretory 
canals in the cortex and in the pith. The presence of these canals has 
caused much discussion concerning the true relationship of this genus, 
liiillon (6) placed it with the Araliaceae next in kin to the genus Anthro- 
fkyltum. Later, he reconsidered and changed his opinion. Van Tieghcm (8) 
came, through his work, to the view that it belonged neither to the Corna- 
ceac nor to the Araliaceae, but rather to the Dipterocarpeac. Later, he also 
changed his opinion, llurck (9) also came to the view that it stands very 
near to the Dipterocarpeac, though the Simarubeae and the Liquidambeae 
must also be taken into the reckoning. 

Though the above opinions show that Mastixia is a much-discussed 
genus, and that its position is rather unsettled, yet the other characteristics 
would seem to indicate that it belongs to the Cornaceae. and here it is 
generally' placed. Granting that Mastixia is one of the Cornaceae, it is 
argued that it must .serve as a connecting link between that family and the 
Araliaceae. The basis for this argument is chiefly the presence of secretory 
c.anals in pith and in cortex. Such canals are a constant feature in the 
Araliaceae and in the Umbcllifcrae. In answer to the above argument 
it can simpl)' be said that the presence here of secretory canals does not 
seem to be conclusive evidence, in this ca.se, of a close relationship. We find 
ill the family Hamamelidcae that only the Altingcae, with Liqui^ambar as 
our common example, are characterized by internal secretory canals. 
.Secretory canals also occur in some members of other families, while they 
are lacking in other members of the same family. Here, evidently, their 
presence or absence does not change their relationship. Only in such 
families as the Araliaceae and the Umbcllifcrae, where they are present 
ill every member, arc they evidence of close rclationdiip. In the Cornaceae. 
they are found only in Mastixia. Hence they arc not characteristic ol the 
I’.iiiiily, and would not .seem to me to be ot great value in showing relation- 
ship where tli.it family is concerned. 

Having now spoken of the more iniporUnt and notice.able anatomical 
features of the Cornaceae, let us turn briefly to the like features in the 
.\raliaceac and in the Umbellifcrae. 

In the Araliaceae secretory canals are present throughout the entire 
famil)', being present in all parts of the cortex and often also in the pith. 
Another peculiarity found nowhere among the Cornaceae is the presence of 
medullary bundles. The.searc formed in a ring, having collater.il structure, 
and being inversely orientated so that the xylem is towards the outside. 
1 h.ivc noticed these in the petiole of Aratia xhiHtiisis v.ir. manxhuria, 
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though they occur nowhere in the main stem, It is generally conceded that 
the leaf is more conservative than the stem, and hence we might expect that 
medullary bundles are an ancient character of the Araliaceae. However, 
they are not found in the Cornaceae, which are considered to be lower in the 
evolutionary scale. 

In regard to the wood of the Araliaceae, we find often very broad rays 
which, in the herbaceous species, entirely separate the bundles. The vessels 
have generally simple, elliptical perforations. In two instances {Cilbertia 
and Fatsia) a few bars occur showing an indication of a transition to 
the scalariform type. The end walls of the vessels arc more or less inclined 
to the lateral walls. Their lateral walls when in connexion with parenchyma 
of the rays commonly have simple pits. As regards the wood prosenchyma, 
the pits are always simple and we find delicate septations. Such cells often 
contain .starch, and arc called ‘ septate tracheides ’. 

Finally, in the stem of the Umbclliferae the cortex often contains 
strands of collenchyma which lie directly under the ribs appearing upon the 
outside. Sometimes these are lacking or are replaced by a ring of sclercn- 
chyma. The fibro-vascular system is normally in the shape of a ring 
of bundles, with often medullary bundles in addition. The bundles arc 
usually isolated, though sometimes they arc fused together and arc con- 
tinuous. Their rays are usually either uni- or biscriaie. The vessels have 
usually simple perforations, though sometimes the scalariform type is found 
accompanying them. The pitting, where the vessels are in contact with the 
parenchyma of the rays, may be simple or bordered. The wood prosenchym.a 
shows both simple and bordered pil.s. Anomalous structures sometimes 
occur, such as cortical bundle.s and an extra-fascicular vascular ring. The 
pith is usually lost in the internodcs, thus leaving the stem hollow. 

Having briefly summed up the situation, and having stated the general 
anatomical characters of the ordei', I will now dc.scribe in .some detail the 
results of my investigation. l’a.st evidence from material worked over in 
this laboratory seems to indicate that the distribution of parenchyma is one 
of the most important and reliable anatomical characters found in plant 
anatomy. In the Gj-mnosperms we find it either at the end of the )-ear's 
growth (terminal) or scattered throughout the annual ring (diffuse). In 
general, among the Dicotyledon.s the lower families liave their parenchyma 
scattered throughout the annual ring (diffuse), while higher families have 
it clustered about the vessels (vasiccntric). This character h.as been found 
to be so constant and of so great value that it has aided much in determin- 
ing the relationships between families. Thus the Rosaceae, which from 
a systemati* standpoint seem to be close to the Leguminoscac, show a 
different type of parenchyma distribution and hence, apparently, a much 
more remote relationship than is ordinarily assigned to them. 

Thus far in the anatomical study of the UmbelHferac the value of the 
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distribution of parenchyma in determining relationships seems not to have 
been realized. Because of this I have paid especial attention to the subject 
in my investigation. 

As stated above, the terminal connexions of the vessels of the Corna- 
ccae are generally scalariform, while those of the Araliaceae and of the 
Umbellifcrae are characteristically simple elliptical or round pores. I have 
noted the condition of the terminal openings in my study, and have found 
results which corroborate the above statements. The condition of the 
terminal connexions between vessels is not as constant as is the distribution 
of parenchyma, but it may be mentioned here as worthy of notice. 

In recording my results I will first speak of the Comaceac, it being 
usually considered to be the lowest family of the three. Among the genera 
of this family the commonest native genus is Cornus. I’l. IV, Fig, 1 shows 
the type as illustrated in a transverse view of the species Cvrnus Sivigtiinca, 
Here may be plainly .seen the heavy-walled tr.acheidcs, the few small rays, 
and the numerous diffuse parenchyma cells. In PI. IV, Fig. 3 one may see 
a radial view of the same species, and the same features may be noted. The 
genus does not always .show such heavy walls, nor is the parenchyma always 
as abundant. However, the relationship as regards the distribution of 
parenchyma and the character of the end walls of the vessels persists. 

In PI. IV, Fig. .jwc .see a transverse view of the stem of 
Here the parenchyma is plainly diffuse, and in other ways the wood closely 
resembles that of Contus. Fig. 4 is a higher power of the same view 
as that shown by h'ig. 5. Fig. 5 is a radial view of the .same, and here we 
can sec the even closer resemblance l<r Cornus, the parcnchj'ma being more 
strikingly diffuse than in the transverse view. 

Here I would call attention to the fact that, under F.ngler and Gilg's 
classification. Kyssa is placed outside the Comaceac. Certainly the anato- 
mical structure would not appear to warrant this. 

Turning from our native forms to tho.sc e.xotie to this region, we find 
the parenchyma much less abundant. However, in Davuiia involucrata 
(Fig. fj) one can plainly see the diffuse parenchyma and the scalariform 
vc.ssels from the r.nilal view. The number of bars in the vessel seems to be 
much more numerous than the number in the case of Cornus. but even 
.iinong members of the same genus we find much deviation from tire small 
number. Davuiia is another genus placed by Fngler and Gilg outside the 
Comaceac. Clearly this would not seem possible when the Internal anatomy 
is considered. 

In .some exotic species the parenchyma appears to be entirely lacking. 
Its absence, however, is a common characteristic in plants livi.lg in a climate 
" here the storage of food is not nccc.s.sary. In most instances I was able to 
find remain.s of parenchyma cells, showing their persistent character. 

Fig. 7 is that of a radial section of the stem of Urisolinht Incut, i. 
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This has in most instances the parenchyma transformed into substitute 
fibres. However, the above figure, which is one of several examples, shows 
clearly the parenchyma as being diffuse. In cases where the root of the 
same species was in question, a much greater quantity of diffuse parenchyma 
appeared. PI. IV, Fig. 8, a tnansverse section of the root, and Fig. 9, a radial 
section of the same, show that th.at root was dead, and though the cause 
may have been natural or through wounding, in either case we have the 
parenchyma appearing according to the laws of reversion or retention. 

In Griseliiiia littoratis no well-formed parenchyma appeared. How- 
ever, there are a large number of cells filled with starch which were clearly 
substitute fibres. These are in a diffuse condition and clearly show that the 
plant at one time had diffuse parenchyma. 

I have shown no other figures of members of the Cornaceac since it is 
impossible to represent their condition well by a photograph. My speci- 
mens of Maslixia and of Ih-keinpa unfortunately are very small and 
will not allow any far-reaching conclusions. However, in both in.stanccs 
diffuse parenchyma was found. I hope some time to bo able to secure 
larger specimens, in order to study more thoroughly their structure. 

In the stem of Corokia, though it shows no well-formed parenchyma, 
yet the wood cells in certain regions show distinctly the clustered .simple 
pitting so characteristic of the wood p.ircnchyma cells. Often .starch also 
shows in these. They are clearly substitute fibres showing the persis- 
tence of the parenchymatous characteristics. 

My m.aterial of Ancnlux jofumica unfortunately shows no ca.se of wood 
parenchyma, whether or not it is because liic stem and roots were small 
I cannot be sure. However, the rays are so abundant and so clo.se together 
that there is scarcely room for, and no use for, parenchyma. Septate 
trachcidcs seem to be present to some extent, and many wood cells show 
nuclei. Here, also, spiral thickenings often appear upon tire walls of the tra 
cheides, a condition not at all common to the other members of the familj-. 

Turning now to the Araliacc.ae, I have been able to study gencia 
including Aralia. Acanthoptiniix, S(hcj]l(ra. t'nuax, and ttrihia. In all 
cases where parenchyma appears it is dearly vasicentric. I’l. IV, I'ig. ic 
shows a transverse view of a species of It is haiai to dcmonstrati 

parenchyma from this view. Yet if one looks in the vicinity of the vessel- 
it will be seen that the cells here have thiimcr and darker walls than those 
of the general trachcary tissue. The two large vessels just below the centre 
of the figure show themselves to be nc.arly cnctoscit bysiniill cells, h'ig. 11 
shows a radial section of the same species. Here at each edge a vessel iiiav 
be seen, andtluslcred over and about it arc rows of parenchyma cells. In 
Fig. 12, which is also a view of the same species, but is tangential instead ol 
radial, the paienehyma may be seen round the ves.sds. Here in the centre 
may be seen a number of septate trachcidcs. rhc.se may be easily told 



Anatomy of the Cohort Umbelli florae. 6i 

from the wood parenchyma, since they have very thin cross partitions which 
lack the middle lamella. In PI. V, Fig. 13 one may sec the radial view of 
Acanthopanax sentimus. Upon the right appears a single row of parenchyma 
cells adjacent to a vessel. It may be seen that the end wall of the vessel is 
jierced by a simple elliptical pore. The above characteristics show through- 
)ut the genera studied, though in many cases the presence of septate 
racheides serves partially to obscure them. 

In the la.st family, the Umbelliferae, 1 found the same conditions 
)f parenchyma as that characteristic of the Araliaccae. In PI. V, Fig. 14 we 
rave a transverse view of Cicuta bulbifi ra. At first glance no parenchyma 
;.s seen, but upon further study the end walls of the parenchyma cells with 
[heir simple pitting may clearly be observed. These cells, it will be 
noticed, lie adjacent to the vessels. Fig. i.', is that of a tangential view of 
the same species. Here .also the parenchyma shows itself to be only 
adj<acent to the vessels. In Fig. 16, wdiich is a r.adial view of Cicuta bulbi- 
fera, we sec an example of the vasicentric parenchyma characteristic of 
the family. It also shows the end pore of the vessel. Here it will be noticed 
that the pore is rounder, and that the end wall is more at right angles 
to the lateral walls than was the case with the Araliaccae as shown by 
Acanthopanax scnticosns. 

In P'ig. 17 and in Fig. 18 are seen good examples of diffuse and 
of vasicentric parenchyma, in cases where such a condition has been 
recognized. Fig. 1 7 i.s that of a transverse view of Juglans nigra, and 
show.s the diffuse type, while the vasicentric type is illustrated by the 
tran.svcrse view of Fraxittus amcricana as shown in Fig. 18. 

To sum up the results of my study, I find that in Cornaceae the 
parenchyma, where clearly present in specimens studied, constantly shows 
a diffuse distribution, and the vessels possess the scalariform type of perfora- 
tion in their end walls. Native species show parench)ma of varying 
abundance, but nevertheless quite evident, .nnd the rays small. In exotic 
genera, on the other hand, the parenchyma, where present, is scarce, and the 
rays are larger and much more abundant. The wood in the latter case 
sometimes shows scpt.nte tr.ncheidcs, though they arc not at all characteristic 
of the family. In Auenba japonka spiral thickenings often occur upon the 
tr.achcide walls. 

In the Arali.aceac the parenchyma is always vasicentric. The vessels, 
moreover, show usually simple elliptic.al pores in their end walls. These 
pores are usually at a strongly oblique angle to the lateral walls. Septate 
tracheides are a common character of the family. 

The Umbelliferae show the parenchyma vasicentric a; in the case 
of the Araliaccae. The end wall of the vessels, also, usually show simple 
pores. Here, however, these arc nearly round in circumference, and arc 
nearer at right angles to the lateral walls. 
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As to the constancy of the scalariform perforations of the vessels 
in the Cornaceae, I have already noted that simple perforations do occur in 
a few cases mixed with the scalariform type. In the Araliaceae the vessels 
have nearly always simple end perforations, though some species also show 
a few bars. The angle of the perforation is usually quite oblique to the 
lateral walls, and its circumference is usually elliptical. The Umbcllifcrae 
have simple perforations at the ends of the vessels, and these are often round 
and more at right angles to the lateral walls than in the case of the 
Araliaceae. 

It has already been pointed out that in the sieve-plates of the sieve- 
tubes, the higher Angiosperms tend to lose their lateral plates, and the end 
plates come to take up a position more at right angles to the lateral 
walls (10). This seems to hold true for the perforations of the end walls of 
the vessels of the higher Angiosperms. I can make no definite statement 
here without a broader study of the subject, but merely offer this as 
a suggestion. 

CON'CI.USIONS. 

]. That throughout the Cornaceae the parenchyma, where it occurs, is 
scattered throughout the whole annual ring (diffuse), while throughout the 
Araliaceae and Umbelliferae it is grouped about the vc.sscls (vasicentric). 

2. That the vessels of the Corn.aceae show in every .species examined, 
at least in part, scalariform perforations, while all species of the Araliaceae 
and the Umbelliferae show in part the simple pored condition. Also, that 
the simple pores of the Araliaecae arc more elliptical and more oblique than 
in the case of the Umbcllifcrae. 

3. That the general anatomical features of the Ny.ssoidcae and Uavidi- 
oideae do not seem to warrant their being separated from the Cornaceae 
and their being placed with the Myrtiflorac. 

4. That the presence of secretory canals in Mastixia is not ncce.ssaril_v 
of importance in determining the relationship of the gemis. 

5. Finally that, using the anatomy a.s a criterion, the Cornaceae 
should not be placed in the same cohort with the Araliaceae and with the 
U mbeUlferae. 

The writer wishes, in closing, to cxprc.ss his gratitude to Professor 
Fernald, to the Director of the Harvard Hotanical Garden, and to the 
Director of the Arnold Arboretum of Harvard University for specimens. 
Many of the species studied were secured by Drs. Fames and Sinnolt 
in New Zealand by means of a gift of Mr. J. S. Ames. This investigation 
has been caryed on in the Phanerogamic Laboratories of Harvard Univer- 
aty under tlie direction of Professor Jeffrey, and to him I am greatly 
indebted for advice and for the photomicrographs accompanying this 
article. 
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D[:SCRII'TION OF FIGURi;S IN PLATFS IV AND V. 

Illustrating Mr. llo.ir’s paper on Stem .Anatomy of the Cohort Cmbelliflorae, 

PL.ATE IV. 

Fig, 1. ('ornui lanifHincti. Transverse section of ^tem, showing diffuse parenchyma, x too. 

Fig. 2. Corniis ///wo/. Rulial section t-f stem, -bowing diffuse parenchyma and scalariform 
WS.M-l. X 2 ^ 0 . 

Fig. 3. iyhatiixJ. Transverse section of stem, showing diffuse ]>arcnchyma. x 250. 

Fig. 4. KyiHi sytx'aiua. Tmnsverse section of stem, showing di(Tui«e parenchyma, x 4D0. 

FifJ' .V ■')' iyhdtUii, Kadial Stciion of stem, showing diffuse pareiichviiia and scalariform 
\LS-;els. X 2;o. 

Fig. b. f^.wUux invchicrala. K.ndial section of stem, showing diffuse parenchyma .and scahari- 
fiirm vessels, x 230. 

Fig. 7. Crisdinui lu.iJj, R,adi.al .section of stetii, showing diffuse parenchyma, x 2;o. 

Fig. S, CniicHtm lucUa. 'Tr-insverse section of rout, showing tylo>is of vessels, x 230. 

Fig. 9. Criiilinia lutuixj. K.adi.a! section of root, showing diffuse parenchyma not noticed in 
transverse section, x 230. 

Fig. 10. Shf^cra sf. Transverse section of >tem, showing vasicentric parenchyma, x 230. 

Fig, II. Sthtlficya sf. K.adial si-ction of stem, showing parenchyma clustcrc'i over vessels. 
:< 230. 

Fig. 12. S(hej!h-ra sp. Tangential section of stem, showing wasicentric parenchyma and also 
'Cl'tato li.ichcides. x 230. 

ri.ATK V. 

1 ig. 13. AxiiulhifiXnxXX ^(ntiiiys 74 (. T.angentinl w-ction of stem.sliowing va>icentric parenchyma 
ni.il vessel w ith simple clliptic.^l pore j>l.iccd obliquely to lateral w.nlls. 230. 

Fig. 14. Cimta huihijir.u Transverse section of stem, showing lermin.'il walls of vasicciitric 
I'.ircTichynia. x 230. 

Fig. 13. Cix uta bH.’l'i/cr.j. Kadi.al section of stem, showing v,asiccntric parenchyma and vessel 
"ilh simple tcriniiial pore, x 230. 

Fig. 16. htU'ifiia. T.angcntial section of stem, showing vasicenlric parcuchyma and 

'Cvi-l with siniph' round pi>i«' ill lud wall, x 230, , 

Fig. 17. ttifut. Transverse section of stem, showing example of diffuse parencbvm.i. 

>: 230. 

Fig. 1 8, liaxtnui ntncfiiani?. Tr.ansverse section of stem, showing example of v.asicentric 
parenchyma, x 23c. 
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The Acidity of Sphagnum and its Relation to Chalk 
and Mineral Salts. 


BY 

MACGREGOR SKENE, D.Sc., 

I.tiUirer on Vr^etalk Physiology, Ahiidttn Cnhtrsity. 

I N the study of the influence of the chemical nature of the soil on vegeta- 
tion the question of the effect of calcium carbonate— chalk— has always 
occupied a prominent position. It is one of the soil constituents which can 
be most easily recognized and estimated ; and the differences in the flora, 
of which its presence or absence is the cause, are frequently very striking. 
Lists have been compiled of plants which thrive only on chalk (calcicole), 
and of others which cannot live in its presence (ca'cifuge). Such plants 
may be wholly confined to the one type of soil or to the other ; or their 
behaviour may change with change in other external factors. Reference 
may be made to Nagelfs (’6.j) classical case of the calcicole Achillea 
atrata. and the calcifuge A. moschata. When the two occur t 'gether in the 
same valley, each is .strictly confined to its own type of soil; but if either 
occurs in absence of the other, it is non-discriminating. Another case of 
gre.it interest is tliat of Castasua vesca, the Sweet Cliestmit, which cannot 
grow on chalk unless an abnormally high pi.rcent,igc of potassium be present 
in, or be added to the soil (.Ainold Engler. 'Oil 

Perhaps the m.ajority of ])lants written down as calcifuge belong to this 
indeterminate type ; but there is a number of c.a.ses in which the repugnance 
to chalk is constant, and independent of other external factors. Of these 
one of the most striking examples is afforded by the genus Sphaguusss, 
the members of which arc rapidly killed off by water containing calcium 
carbonate. 

Observation of the lact that chalk can exercise so marked an effect on 
vegetation has led to the attempt to find out exactly in what manner the 
ch.ilk acts. Such investigation has shown that it acts in a number of quite 
distinct ways. 

Its effect may be indirect. This seems to apply to Callinut, studied 
d)’ .M. C. Rayncr ('13). She has shown that the presence of chalk interferes 
"'ith the proper development of the mycorhiza. anrl promotes the growth of 
a bacterial sheath on the roots. This interference with tlie root symbiosis 

lAnnalt gf Botany, Vol XXIZ. No, CXIU. Jannary, 1915.) 
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is accompanied by symptoms of weakness on the part of the Catluna, and is 
apparently responsible for these. 

A more direct influence must be assumed in other cases. This may be 
either physical or chemical. 

Kraus (Tl) has demonstrated very completely the effect of chalk on 
the water content and temperature of the soil ; the former is diminished, 
the latter increased as the amount of chalk present rises. .-Xnd he has 
shown that a number of plants typically found on chalk can grow equally 
well on siliceous soil, if its physical properties resemble those of the chalk. 

I am inclined to believe that a case illustrating this is afforded by the 
distribution of Hcllanthcmuni Uuwuucictus in this country'. The Rock 
Rose is generally described as a calcicolc plant (see ‘ 'I y pcs of British V'egeta- 
tion’, Tansley, p, 176). It is common, however, and grows well on siliceous 
gravels in expo.sed .situations in the e,a.st of Scotland. In the south of 
England, where the choice may lie between dry warm chalk and cold wet 
clay, the former is chosen ; where there e.vists a siliceous soil, which is also 
well drained and warm. HcHanthcmuni can thrive thereon. 

Cases in which the chalk acts chemically arc akso known. The fact 
that Castanca can grow on chalky soil when supplied with an abnormally 
large amount of pota.ssium, indicates that the chalk acts by interfering witli 
the supply of other .salts through the roots. Moreover, the Chestnut 
grafted on the Oak can grow even on normal chalk .sm'ls — a lurthcr support 
of this view (see Jost, T3. p. U',). Schimper ( ‘.8) slates that in some- 
cases the failure on chalk is due to difficulty in ab>orbing sufficient iron, and 
may be obviated by watering willi iron solutions. 

Another extremely important effect of the chalk is that it alters the 
reaction of the soil, rendering it neutral or alkaline. To this is probably 
due its noxious effect in many cases. It will be .shown that there aic 
grounds for ascribing its fatal action on Sphognum to this cause. 

The earlier observations on Sphiigiium and its relation to chalk h.ive 
been collected by I’aul (’OS', and as most of tbem liavc been published in 
periodicals not readily acce.ssible to English readers, a short summary nia;' 
be of use. 

Sprengcl ('47) asserted that Spluigniitn could not support high concen- 
trations of any mineral substances. Sendtiier (’•'■I) was unable to grow it in 
chalk water, and concluded that basic .substances were harmful. Milde t'iil ' 
concluded from ob.scrvatioas in tlic held that Spluigiitiiii is calcifuye, 
Pfeffer (’71) notes that it dies in pre.scncc of chalk. Ohlmaun (’DS) found 
that it diofi in a o-cg per cent, solution of chalk, tlic lime ela])sirig bctuic 
death varying with the species used. To produce tlic same effect uitb 
calcium sulphate a solution of twice tiiat strenglir was necessary, while ct 
calcium nitrate a c-jy pet cent, solution was required. Culture solutions 
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containing chalk, and tap water (at Bale, with O'Ojj per cent, chalk), were 
also harmful. 

VVeher (00) asserts that he grew Sphagnum cymbifolium, S.fuscum, 
S. aciitifohuni. S. recnrv?im^ S. fimbriatum. S. platyphylhwi in water con- 
taining chalk with success ; he even added powdered chalk to his cultures 
without harming them ; i". rccurimm fruited ; only S. medium died with 
powdered chalk, though it lived in chalk water. He conclude.s that the 
chalk is harmful only in the presence of other plants, which, growing more 
vigorously in the chalky water, rapidly supplant the Sphagnum. 

Gracbner ('08, ’01, ’04) agrees that chalk as such is not harmful, and 
believes that the failure of the Sphagnum is due to too high a mineral 
content in general. According to Ramann (’95), Sphagnum can persi.st 
only in water containing less than O' 0 Oj-o.cO 4 per cent, of mineral 
substance.?. 

Diiggeli (’03), as a result of experiments carried out on the moor, came 
to the conclusion that Sphagnum was affected adversely not only by chalk, 
but also by mineral salts in general. His results arc not very convincing, 
as his mineral solutions apparently always contained chalk or magnesia, in 
addition to other constituents. 

Haglund ('12) carried on experiments on the moor at Granarp on 
a large scale. Table I summarizes his re.sults. 

T.tBLE I. 


Kilos, i'er Hectare of : Sphapium medium. .S’. tuUV.um. S. Uxifidutn. S. fuiium. 

Lime, 6.000 ditni ..iud died 

T.'ionias phosj’hnU', i,oco severely ifijuicd severely injured 

Supcrphobi-haic. 400 . . died divd 


romliulifUaraif , loo 1 j -'“"“S 

By far the most extensive investigation is that carried out by Paul 
himself ('Oil, ’OS). I Ic tested many different salts and many different species 
oi Sphagnum, and obtained important results. 

In the first place he determined the concentrations of calcium carbonate 
necessary to kill various species of Sphagnum, and arriv'cd at the results 
given in Table II. 

Taui.i; II. 
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The different species are resistant to very different degrees ; the 
dwellers on the high-moor, where the supply of salts is normally very low, 
are much less resistant than those on the low moor where minerals are 
more abundant. 

Paul then extended his observations to the effects of various salts. 
All the species enumerated were tested with calcium sulphate ; an almost 
concentrated solution was employed — 2 grm. per litre and all the species 
grew satisfactorily in it. The other salts were tested with Sphagnum 
medium^ a species moderately sensitive to chalk. The concentrations 
required to kill the Moss were as follows : 

Calcium nitrate, 966 mg. per litre. 

Potassium bicarbonate, 240 ; potassium carbonate, 149 ; sodium bi- 
carbonate, 170 ; sodium carbonate, to;. 

Potassium bisulphate, 720 ; potassium sulphate, 6,480 ; sodium bi- 
sulphate, 340 ; sodium sulphate, 3,725; magnesium sulphate, 2,500. 

Sodium chloride, about 300 ; potassium chloride, about 375 '< calcium 
chloride, i.ioo. 

Dipotassium phosphate, 46 ; monopotassium phosphate, 36 j tripo- 
tassium phosphate, 34-5, 

Sulphuric acid, 150; nitric acid, 82. 

Sodium hydroxide, 40. 

From this it is evident that we cannot regard Sphagnum as being 
uniformly adversely affected by the high concentrations of the mineral salts 
applied to it. Some salts it tolerates at high, others arc harmful at very 
low concentrations. The salts of calcium are harmless, while phosphates 
and alkaline salts appear to be very toxic. It must further be pointed out 
that, as the salts were tried alone, the important antitoxic action of one 
salt on another which constantly takes place in nature is omitted ; this 
would probably raise considerably the concentration at which harm would 
result in a culture solution. 

Taul then goes on to discuss the relation of the harmful action of chall; 
to the ‘ acidity ’ of the Sphagnum, and here lies the greatest interest of his 
work. Before discussing it, however, it will be necessary to refer to the 
investigations of his colleagues Baumann and Gully, and of others, on the 
nature of the ' acidity ’ of Sphagnum and peat. 

In 1906 Count Leiningcn (’ 07 ) observed that litmus paper applied to 
Sphagnum turned red, and following up this, that Sphagnum plants require 
a considerable quantity of alkali fur their neutralization — 10 stems ,7 cm 
long requite from 1-3 to 2 c.c. of N'/io NaOH. The degree of acidity 
cannot be determined by washing out the Sphagnum and titrating the wa.di 
liquid, as the acid appears to be almost jn.soluble ; it may best be 
determined by sh.tking with excess of standard alkali and titr.ating back 
with acid. 
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Baumann and Gully (’ 10 ) connected this acidity of Sphagnum with the 
well-known acidity of peaty soils. Peat consists largely of imperfectly 
decomposed Sphagnum, and it seemed probable that the acid of the peat 
was the acid of the Moss. They determined the acidity of the Sphagnum 
and of the underlying peat, and found in one case : 

Sphagnum . , 0-228 grm. acid hydrogen per too grm. 

Peat .... 0.260 grm. acid hydrogen per too grm. 

This relation was found to be quite general, the two agreeing closely, 
with the peat somewhat higher. That the two would be exactly the same 
was not to be anticipated ; the peat contains much foreign matter, and on 
the other hand the plant remains in it are much altered and partly 
decomposed. 

Baumann and Gully proceeded to investigate the nature of the acid 
substances. They started with an old observation of Sprengel’s, confirmed 
by various other workers, that peat is able to decompose and render 
soluble tricalcium phosphate. They worked out the reaction between 
that compound and peat and Sphagnum. Both decompose it in precisely 
the same way, and to about the same extent. The reaction is very 
interesting, as the calcium compound is almost insoluble— according to 
Rindell (’ 99 ) 132 mg. P^Oj per litre— and it must be supposed that suc- 
ce.ssive small quantities go into solution and are attacked by the organic 
compounds of the peat (or Sphagnum), Part of the phosphoric acid appears 
in the solution as such, part as monocalcium phosphate ; part of the calcium 
is removed by the peat. The reaction consists e.ssentially of a splitting 
up of the phosphate with removal of the base and liberation of the acid. 
The formation of the monocalcium salt may be regarded as secondary, 
due to action between the liberated acid and the undecomposed phosphate. 

To show the extent of the solvent action we may give the following 
figures ; 

Of tricakium phosphate with i,:oc c.c. water, 158 mg. P. 0 ,. \ 

.. ., i.eco c.c. water -t 6 grm. 

num, 1.383 mg. P.O . V^~. 

,. i.ucc c.c. water + 6 grm. Peat. i I ? 

1 .36 1 mg. Pp , I 

The observations were extended to othei s,ilt.s. and the remarkable 
result was obtained that, with the exception of the extremely insoluble 
calcium oxalate, all the .salts tried were broken up with libcrjtion of the 
acid of tlic salt. The amount of acid hydre'gen liberated from the various 
salts tested, by 100 grm, dry peat or Sphagnum, is given in Tabic HI. 
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Table III. 


Salt. 

Sodium chloridft . . 

Potafsiiim sulphate . 
Calcium chloiide . 
Ammonium sulphate 
Potassiiun ioilide 
Sodium nitrate . . 
Sodium snlphite 
Sodium formate 
Sodium butyrate 
Sodium salicylate . 
Ammonium acetate 
Calcium acetate 


Sphapwm. Peat. 

0*01 0*0199 

0*0207 0*02^5 

0*0144 o*oi6-’ 

0-0253 0-0300 

0-0119 0*0120 

0-0224 0*0205 

0*0778 0*1092 

0*0706 0-0852 

0-0675 0*0836 

0*0491 ^>*0563 

not determined 

0*0840 0*01090 


It will be seen that the two substances possess the property in common, 
and that, while tho peat is slisrhtlj- more active, the two sets of figures run 
so closely parallel that it would seem permissible to refer the property to 
the posses.sion of some common compound. 

Baumann and Gully fi.s on the fact that the Sphagnum and peat arc 
able to break up such salts as sodium chloride, liberating the acid ami 
removing the base. They say that if an acid is responsible, then we mu.si 
suppose that an insoluble organic acid is capable of breaking up so strong 
a combination as sodium chloride, producing an insoluble sodium .salt, and 
liberating hydrochloric acid. This they consider impossible. They believe 
that the reaction is due to the presence of cc//c;</;r/ substances which adsorb 
the base and set free the acid. They adduce the following consideration? 
in support of their theory: 

1. The conductivity of SphagunnU is very low, onl_v about i.To of 
that of a solution of acetic acid having the same solvent .action on tricaldura 
phosphate. 

2. When .‘iphagnnm acts on .i..salt the amount of acid liberated b. 
relatively to the amount of Sphagnum emphayed : 

(Vt) Le.ss as the concentration of the solution is dccrc.ased ; ■ 

(/;) Greater as the amount of Sphagnum acted on by a constant volume 
of solution, is decreased. 

In the case of the combination of an acid and base giving an insoluble salt, 
the amount of salt formed would be directly related to the amount of the 
reagent present in smaller quantity, in this case of the Sphagnum. 

3. The activity of .Sphagnum dccre.ascs slowly when it is kept; thi.? 
would correspond to the slow change in surface of a colloid. 


’ The alternalivc ‘ peat ’ i> imi-lic'i. 

* For tricaMiim phu^pbate aberrant rcsnlti; were tibla-ni < 1 : Uu'C 'b' not a;^'it.c itli the rc-i; ^ 
of Tacke anrl Suclitini;, or of Hcischcr 'Lan< 1 -A'. fnhrl). 18^3. vol sb, p. 16 |' : it wf iiM -es-m thn 
none of these investigators has paid sufficient attention to the coniplicatfil li.iture of t)iis j arti'-iha. 
reaction, and that slight 'differences in method may b' responsible fi*T the rliscrcpmcirs. I-f’ 
chlorides a maximum absorption was f tim-i in normal sohition?. 



Relation to Chalk and Mineral Salts- 


7' 


4- Reference to Table III shows that the amounts of the acids set free 
from different salts are widely different. It is found that, for a series 
of salts with the .same base, acids are liberated in the following order : 
(rtj hj'drobromic, hydriodic, hydrochloric, nitric ; {!>) sulphuric ; U] acetic, 
the last named in largest quantity. This corresponds to the activity of 
the acid.s in variou.s colloidal reactions. 

•y As rcg.ird.s the bases, bivalent bases are adsorbed more actively 
than monovalent, potassium more than sodium. 

6. It is possible to wash out a large portion of the ad.sorbcd base with 
distilled water, especially if it contain carbon dioxide. By this means the 
original acidity of the Sphagnum may Ixt almost completely restored. 

Baumann and Gully conclude th.at the old 'humus acids’,' to which 
the acidity of acid soils in general, and of peat in jrarticular, was ascribed, 
,irc non-existent : the acidity is in reality due indirectly to the presence of 
negatively charged colloidal compounds; these break up any salts present 
in the soil, and the acid of the salt produces an acid reaction in the soil. 
They regard the colloids in question as being chiefly located in the hyaline 
cells of the Sphagnmn leaf. 

Since tlio publication of Baumann and Gully's paper a number of others 
have appeared supporting or criticiaing their conclusions. 

Czapek (’ll) agrees with the authors in all their deductions. Wider (12) 
:ilso supports the colloid liypothcsb. 

On the other hand, a number of chemists have att.ickcd these views, 
,ind sought to refer the re.ictiuns to ordin.uy chemical processes with 
typical ticids. The mo.-.t import.int papers arc those of T.acke and 
.Michting ('ll), Tackc, Densch. and ,\rndt ('Idi, Rindcll t’l 1 ), Oden ('12), 
l.Iirenberg tind Balir t'ld). Gully (’I'.'l ha.s replied to some of those 
criticism.s. The matter i.s really one for the physical chemist and it is 
inipes.sible to go into dctail.s, but a few of the more important points may 
be .'iiinmarizcd, 

I'.ickc and Suclitiiig df-putc some of Baumann and Gully's experi- 
itient.vl d.itti ; refer the pbcnomcn.r with tricalcium phosphate to interaction 
between humus acids, phosphoric acid, and the phosphatC-s : find that drying 
to 1(0 C.,andconscqucnt scrioiisdiminritioiiol thecoiloid.d adsorptive surface, 
bis 1)0 iiillucncc on the amount of acid llboiuted ; th.it pc.at can invert cane 
s lyar, and give oil hyairogen with iron — t\vc> typic.il acid re.ictii ns ; and 
Ibiey ran liiul no jrirallcl to the reactions using other typical colloids, such 
is st.ircli and gelatine, t'olioid action is to he observed oniy in the 
it'i'firption of colloidal Icrric hydroxide ; all the other reactions are to be 
aferred to the action of humus acids as such. 

' 1 hs fi irm ' ■ I- [ T( k-Tici l,i ‘ hiim..;,- ' cr ‘ Iwinio as llic Icrmir.-ltiwo liicsr .irc 

iii'.C'i Willi dcfinik' vlu'mic.'il coiislitwtion*. 
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Rindel! criticizes from the physico-chemical standpoint, and finds the 
reactions explicable on the assumption of a mixture of more and less soluble 
humus acids. 

Oden and Ehrenberg and Kahr point out that it is scarcely permis- 
sible to apply fine methods, such as that of conductivity determination, to 
so coarse a mixture as that presented by ordinary peat. They attempt to 
isolate the humus acids by extraction with ammonia, precipitation with acid, 
and further purification. 

Conductivity determinations with .a preparation thus obtained led 
Oden to the conclusion that its combination with ammonia is of the nature 
of a true salt formation. He roughly determined its equivalent weight and 
basicity. 

Ehrenberg and Rahr. with an improved prepar.ation, confirmed these 
results. They also attempt to demonstrate the true chemical nature of the 
compound with ammonia, by observations on its thermic decomposition, 
and by comparing the adsorption of ammonia with that of sulphur dioxide. 
Their experimental results do not, however, seem capable of an interpre- 
tation on the assumption that only a simple chemical reaction is involved. 
They suppose that the compounds formed with bases go into solid solutions 
with uncombined humus acids, and so account for aberrant numerical results. 
This, however, seems to be an approach to the views held by Baumann and 
Gully. Very important is the fact that their in.soluble preparation of humus 
acids is capable of decomposing tricalcium phosphate, so that it possesses one 
at Ica.st of the peculiar properties of the natural compounds. 

It i.s clear that in the view of chemists the theory of Baumann and 
Gully is by no means held to be proved ; but at the same time evidence 
as to the existence of inselnble alkaline salts of the humus acids is not 
forthcoming. The compounds of the artificial preparations with the alkalies 
are soluble ; in fact on this depend the various methods for their preparation. 
To account for the retention of the bases in the form of such salts by the 
peat or Sphagnum, some sort of adsoiplkm must be called into play, 
Ehrenberg and Bahr admit as much when they invoke the aid of 'solid' 
solutions to explain their figures ; and, as a matter of fact, no one denies 
that the humus acids arc colloids. Acids which arc colloids will act both 
as acids and as colloids, llie attempt to cx[)lain all their peculiarities on 
the basis of one only of these two properties is bound to lead to failure. 

In what follows the terms 'acid' and ‘humus acid' arc employed 
only because they denote mo.-.t conveniently the chief property of the 
substances in question— their responsibility, direct or indirect, for an acid 
reaction ; thi.s use docs not imply agreement with the view that the)’ do 
not act also as colloids. 

I‘or the purposes of the ecologist it i.s .sufficient to recognize that peat 
Contains compound.s capable of breaking up sails and liberating their acids, 
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and that the acid nature of peaty soil is probably largely due to the presence 
in it of these (mineral) acids. These compounds arc already present in 
Sphagnum. The .significance of these for the life of the Sphagnum is 
suppo.5cd by the authors to lie in the possibility it give.s of absorbing bases 
from the very dilute .solution in which the Bog-moss lives. They further 
suggest that the property is not confined to Sphagnum, but that the 
absorption of mineral salts by the root-hairs of the higher plants may take 
place in the same way. 

To return to Paul’s rescarchc.s on the relation of Spkag}tum to chalk. 
He suggests that the chalk saturates the acid compounds of the cell-walls, 
and so prevents the absorption of bases. This does not result directly in 
death from starvation, but it causes the plant to make an effort to replace 
the saturated compounds, with the result that metabolism is so much 
increased that death results from a sort of e.\haustion. 

In support of this he brings forward the fact that different Sphagna have 
different acidities, and that hand in hand with this variation goes the variation 
in repugnance to ch.alk, the more acid .species being also the more sensitive. 
Table IV gives the acidity of the variou.s species in grams of acid hydrogen 
per too grm. Sphagnum, as determined by titration with ^’/4 NaOH, 
And along with these is given the quantity of calcium carbonate required to 
kill 1 grm. (dry wt.) of each species. 


T.cdle IV. 



.hidity. 

Cha'k fatal 
[in mg.]. 

yuteHum . . . 

C-JiO 

6 i -55 

ifiediuni .... 

0-104 

.= 9-93 

Ures 

O-EOJ 


/U//'.Vf’/KW . , . 

O-IOl 

6o-OJ 

fHCuUii urn . . . 

O-Oy.S 


fuscill’l .... 

0-0y6 

(i$•^0 

ituipidattm . . . 

C-Oy3 

7fi8 

iicunfc.'.uni moor’ 

0-090 


lymb-.h'Uum , . 



ii.b', 'woot^ 

0-0?^ 


. . . 

C-C^l 


. . 

o-o;y 

'^>•33 

ycciiifiim . . . 

o-o"6 


/iir: , . . 

0-074 


pkly;hy:Urn . . 

c-o6o 



The agreement between high acidity and great sensitivcnc.s.s i.s verj- 
clo.sc ; only Sphagnum tires, with the high acidity of c-ior, has also a great 
power of rc.sistance to chalk, coming in this I'cspcct third from the end of 
the list. The amount.s of chalk arc given, not in terms of the concentration 
Employed, but as the number of mg. required to kill i grm. of the plant 
(hry wt,). If concentration is taken, the agreement, although it still 
holds ill a general way. is not so .satisfactory, a.s may be seen by a 
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comparison with T able 11., Paul prefers the former method of statement, but 
does not show experimentally that the toxic effect of the chalk takes place 
when a certain amount is supplied, rather than when a certain concentration 
of the solution is reached. 

On the hypothesis that the presence of the humus acids is largely 
responsible for the supply of mineral nutrients, Paul argues that the 
Sphagna, which inhabit station.s where the supply of salts is very low, will 
contain the largest quantities of these compound.s. This is so : .S'. rubcUnm. 
the typical high moor stands first, and the degree of acidity falls 

away in species which inhabit more favoured stations. The effect of 
the chalk is to neutralize the acids and render them incapable of absorbing 
further mineral supplies. In the high moor species, which are most 
dependent on their acids, this interferes more intensely with the normal 
metabolism of the plant, and these species are consequently the more 
sensitive. 

The experiments to be described were commenced on the publication 
of Baumann and Gully’s memoir, with the intention of tr)'ing over .some 
of their results, and were subsequently c.xtcndcd to include some aspects of 
the work of Paul. 


I. LiBEK.aTION OF ACIDS FRO.M THEIR S.aiTS. 

This fundamental effect is very readily demonstrated. It is only 
necessary to soak a few shoots of Sphagnum rnbettinn lor a few hours in 
a solution of any salt — say j per cent. X.iCl— and then to test with methyl 
orange: a strong acid reaction is always obtained. A control with di,stilleil 
water always gives a negative result with methyl orange, though a .slight 
reaction may be obtained with litmus; as this is reversed on boiling, it niay 
be taken as due to the presence of carbon dioxide. 

That the acid present in the treated salt .solution is the .acid of the 
salt employed is not so easily demonstrated. The following method is 
fairly conclusive. Solutions oi copper chloride of cy, ,c-i ,o o', .cot; 
Me employed; of each ico c.c. is .allowed to st, and ’overnight' wiih abow 
5 grm. (moist) of Sphagnum, bach solution i^ then tested with .ammoniuiri 
hydroxide, and the colour produced compared willi lliat given !))• corUiol 
portions of the original ..olntioa. It i.s found that the colour given by the 
stronger solutions is much weakened, b,v the two wcakci' almast if not (iuil. 
gone. If the chloride be tested for with siher nitrate, then the ainmiir. 
of the precipitate is found to be the same before and after treatment. 
A large amount of copper h<as thus been removed, while the acid radicle i.i 
present in undimmishcd qu.antity and the soluti..n has .acquired a strong 
action, Tlie presence of copper in the Sphagitiiiii may be demon- 
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strated by washing free from the cuprous solution and treating with 
ammonia ; the leaves, and especially the thicker stems, take on a marked 
blue-green colour. 

II. Localization ok thk Aciu Comkounds. 

Baumann and Gully ex-press the opinion that the walls of the hyaline 
cells are the chief scat of the colloids, but they do not give any experi- 
mental evidence in support of this view. The attempt was made to find 
out whether the compounds were located in .any particular position in the 
plant. 

The leaves were carefully teased off a number of Sphaptum plants, 
and the leaves and lcafle,s.s stems pl.iced separately in j per cent. XaCl 
solution. Both gave a strong acid reaction. 

Quantitative determinations show that the .stem is very slightly more 
active than the rest of the plant. As the method em])loyed was the same 
in all quantitative determinations it may be described here. It was found 
impossible to treat directly with sodium hydroxide, as the resulting .solution 
was frequently too dark to admit of accurate titr.ition. Con.sequently the 
method of c.stimating the acid liberated from a .salt was employed, 
to per cent, calcium acetate is the mo.'t advantageous salt; according to 
Baumann and Gully the amount of acetic acid .set free is equal to 95 per cent, 
of the acidity of the Sphagnum, as indicated by direct treatment with sodium 
hydroxide. The solution obtained is almost colourless, and may be accu- 
rately titrated with irhenolphth.alcin and hydroxide. i\) grm. of dry 
Spliagiiiim rvas shaken for six hours with ico c.c. of the solution, and the 
acid determined in the liquid strained off through muslin. The acid i.s 
exprc.ssed in grammes (.tf acid hydrogen per 100 grin, of dry Sphagnum, The 
figures arc thus comparable with tho.soof the former investigators which arc 
expressed in the same way. 

Two lots of Sphagnum ninl’ifSiiim were treated in this way; the 
one (a) consisted of 'inall branches and leaves, the other (/') of carefully 
selected stems. Tlic .acidities were : 

(nf c-c.Sc, 

(Al c cS;,. 

The difference is small, hut it was obtained in four further experiments. 
The slightly greater aridity of the stems might be referred to the greater 
thickness of the ccll-w.alls. 

That the acid reaction is not connected with the life of the plant 
swrccly needs proof ; it is given by plants in the frc.sh .state, ard by plants 
dried for several hours at tcinperatnrc.s of over lOc 'C. From this, however. 
It docs not follow that the reaction is due to the wall rather than to the 
fell contents. 
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A method described by Czapek (’ 99 ) for getting rid of cell contents 
was tried. It consists in boiling under the reversed condenser first in ether, 
then in alcohol, and finally in distilled water. Such substances as fats and 
chlorophyll are thus removed. The treatment has no effect on the acid 
nature of the plant. 5 . acHtifolium gave a strong reaction with sodium 
chloride after the treatment. 

The cell contents, including the protoplasm, may be almost entirely 
removed by chloral hydrate (5 parts to 2 aq. dist.). 6'. rubellum was 
digested with chloral hydrate for ten days, thoroughly washed out, and then 
tested for acid. The results were : 

Untreated, 0-0947, 

Treated, o-odij- 

Examination under the microscope showed only shrivelled remains of the 
cell contents. The acidity is reduced to two-thirds, and this at least must 
be due to substances in the cell-wall. It is probable that the third, which 
has disappeared, is not due to cell contents, but to cell-wall also ; for 
this must undergo some alteration under the influence of the powerful 
reagent. 

III. OCCURREN'CE OF THE AciD REACTION IN OTHER PLANTS. 

Baumann and Gully state that several other Mosses have the same 
properties as Sphagnum. I tested a number of Mo.-^ses with 5 per cent, 
salt solution and obtained the reaction with Polytruhum sirictmn. P. com- 
mune, Lencobryum gtaucum, Hypnum splat, lens, HylocomUm ioram \ 
Fontinalis autipyretka gave a faint reaction. In addition to these, the 
Lichens Parmelia laevigata, Evernia furfnraeca. E. pntnastri, Usnci 
harbaia, all gave a strong reaction, Xo reaction, on the other hand, wa,< 
given by Mtiittvi hoYnutn, Seckera penuata, .\ . ertspa. Hylocotniutti tci- 
quetrnm, Leucodon sciuroides. 

The reason for the negative result may be threefold, (a) The acid 
compounds of the moss may be saturated already. Leucodon, after w.ashing 
out with COj water, gave a strong reaction, while the reaction of Eontina'is 
was increased. J f eissta viridula, a chalk Moss, could be freed from adherinf; 
particles only by washing with dilute HCl, and then water; thereafter it 
gave a strong reaction, {b) Those objects which have a low acidity ma}' 
be unable to liberate sufficient HCl from sodium chloride (an unfavourable 
salt) to give the reaction. The behaviour of ditferent Sphagna illustrates 
this. Salt solution in which .S. rubclhmi has been snaked gives a viiy 
strong reaction ; if X. rccurvum has been used the reaction is less marked, 
while after S. coutotUtm it is slight. With contortum which ha.s been 
washed it is stronger, (c) There i.s, in the third place, the [)os.sibilit>' ''i 
a specific difference between the acid substances in different i)lanl>. 
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Sphagnum contortum, with an acidity of o-oijd, gives a weak but very 
distinct reaction with salt ; while Fontinalis, with an acidity of 0 ’ 04 i 4 , gives 
only a very faint reaction. This would seem to indicate that while 5. con- 
tortum is more efficacious than Fontinalis in breaking up salt, the reverse is 
the case with calcium acetate. 

The qualitative test with sodium chloride is not delicate, and all further 
tests were made quantitative with calcium acetate. These were not confined 
to the Mosses, VVieler (’13) states that the properties of Sphagnum are 
exhibited by the cell-walls generally of vascular plants. Confirmation of 
this was desirable and was obtained. The results arc set out in Table V, 
In the cases of those plants marked x a control experiment was carried 
out, using distilled water. In every case the water was neutral at the end 
of the experiment. This disposes of Arndt’s suggestion that the acidity 
in these cases is due to soluble organic acids originally present in the 
plants. 

Table V. 


Plant. 

Parti ttUtd. 

Addity. 

Diiranurn tcoparium . 


0-0541 

Fantinahi antipyretua 


0-0414 

A'etiera lomf.'anata . 


0-0367 

Mnium kornum . . 


00310 

Polylruhum (oinwunt 


0-02^ 

£unna pninaitri 


o- 05 .S^ 



dtad leaves x 

0-0345 

Pinus 

dead neetlies x 

0-CJ5CI 

P/fris 

dead fronds x 

0-0 

Alia 

dead >lenis and leaves x 

o-o «95 

Calluna 

dried shoots x 

0-0149 

Ofthid air roots sp. not knowo) 

0 - 0 t 73 


Wider states that cellulose as cotton-wool, and as a preparation from 
wood, is also acid ; I tested cotton-wool and filter-paper several times with 
uniformly negative results. It is scaredy Crnceivable that they should be 
able to absorb bases from salts, and could they do so our entire chemical 
data would stand in need of revision ! 

The acidity of Sphagnum is on the average o-cy, so that most of the 
other objects tested are less active, and lie in or below the region of 
the less active species of the Bog-moss. 

The acid properties arc widely distributed throughout the vegetable 
kingdom, and to them is certainly to be attributed the acid nature of humus. 
The action of chalk on the soil, besidc.s the direct neutralization of acid.s 
therein, will be to saturate the acid compounds of the plant remains and so 
to prevent them breaking up .salts in the soil solution ; that is, it prevents 
the .souring of the soil indirectly as well as directly. It need .scarcely be 
mentioned that the presence of such compounds in the roots may have 
s most important bearing on the absorption of mineral itutrierts. 
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IV, The Variation of Acidity in different Sthagna. 

Paul pointed out that the different Sphagna exhibit different degrees 
of acidity. It seemed possible that the differences were secondary and not 
primary. Were all the species of the .same initial acidity, then those which 
live in stations where the mineral supply is low would absorb less ba.se than 
those in more favourable .stations, would retain more unsatisfied acid, in 
other words they would appear to be more acid. 

I tested this theory by washing' out the absorbed bases and deter- 
mining the acid in the washed material. 3 grm. of dry Spluxgnnm was 
shaken with i litre of distilled water .saturateil with carbon dioxide from 
a Sparklet bottle ; the water was changed thrice, and the washing lasted in 
all forty-eight hours. By this means about 90 per cent, of the absorbed 
base may be washed out. 'I'he residue w.ts dried, and the acidity deter- 
mined in the u.sual way. A con.sidcrable number of species was investigated, 
and material of each wa.s obtained from as many localities as possible. The 
results are set down in Table VI. 

The difference in acidity is primary ; the washing out constantly 
increases the acidity, but almost no general levelling up between the 
different species takes place. On the whole they retain their relative 
positions, and probably the order would be still more nearly the same 
if a larger number of determinations were made, for the individual differ- 
ences are considerable. This goes to .strengthen the conclusion of Paul, 
that those species which live in stations poor in food-stuffs require the 
highest acidities in order to obtain the ncccs,sary amount of bases. More- 
over, the amount of absorbed base, which is equivalent to the amount of 
the acid saturated, may be obtained by subtracting titc secondary from the 
primary acidity. The results .are given in the sixth column of the Table, 
and it is seen that the values for the various species lie quite close together 
In particular the variations are scattered through the scries ; there is no 
progressive incicase in the amount of saturated acid with increase in 
acidity , that is to say, the different .species, by virtue ol their different 
acidities, are able to hold approximately the same amounl of base in reserve. 

In Paul s Table the acidity seems, with one exception, to have been 
determined in a single sample. The differences between the species aie 
small, frequently smaller than the differences between samitles of one 
■species as shown in my determination.s. The samples of one species agree 
only moderately well ; it is certainly impo.ssible to get a value holding loi 
all samples of a species, and it is .scarcely permissible to take the .acidity of 
a .single sanaple as rcpre.scntative of the .species as a whole. 

Further, I aui .s result.s were obtained by titration witli sodium hydroxide. 
Rindell ( 11) has remarked on the impossibility of obtaining an exact end- 
point with this method ; I, too, found that in many cases the solutions 
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Sphagnum 

rubeUum 

.NlarycuUer . . , 
Maryculter , . , 
Marj'culler . . . 
Coiintcsswells . . 
Ullapool .... 
Glea Dec , . . 
Aberdeen , . . 
a, uliJoliuin alpinum 
Caim^orins . . . 
Caini-^oniis . . . 
(Juiriiycrms . . . 
Cairngorms . . 
Kothielmllcha^ . . 
lyinhijolinm 
Abeniccii . . . 
.Soiichamptoa . . 

skeiio .... 

Cijuaitsswdls . . 
MaryciilUT . . . 

tdpxihiHm 

l.oehtia^i^ar . . . 

.\berdcTn , . . 
rilai'ool . , . 
■.i-.uiifdiiifn 
ScfasU'ii .... 
G.'kiity .... 
^^oAsbrl)^)ie . . . 

unMun 

Loctiiiaj,'ar . . . 
(jteii l.’cc . . . 
raunum 

.M.aiyciil'.cr . . . 
Cuuiaesswells , . 
>kcae .... 

;.;itdyy:'ium 
C..ui:tcsswc!li , . 
Skene .... 

'.aiuinurii 

Soialmrnpunj , . 
Sc 'N!o!l .... 

. u.piiMum 

.NUnUtn , . . 

Ko'.hicimncliu.' 
I'oclinbcrs . . . 
Sauih.iniplon . . 
l’oc!i.ihers . . . 

■ I'yipMluxi 

I il.ai'Hiul 

k'lisa.l .... 
‘’atli>lc .... 
t anii^iirrns . . . 

KoihifinurchiiS 

• 't.'orlurn 

I’lhpool . . , 

CoiiiitC'.sui'lI-; . . 

Gollnll•^s«ells . . 

Cairngorin> , . 

Sk<'ne .... 


Table VI. 

Acidi/y iu grammes add hydrogen per loo grm. Sphagnum. 
i'li-d'nOted sefondary). Washed {primary'. Saturated And. 


o-oSSp 0'li6i 

o-o8(/i 


O’oSGj, 

o-oy 77 

0-0947 

0-0981 

0-0797. 

0-0(906 

01 125 
o*ii6i 
0-1034 
0-0977 

0*1092 

0-0186 

0.0O5.’, 
0-0751 
0-0906 
o-i IO4 

0- 10.^4 

0-0S70 

O-IoSi 

o-o<.»88 

0*1057 

0- 1 j 1 5 

O'lil'l 

0-I080 

0-0210 

o-c666 
0-0S15 
0-0850 
00; 15, 
0-0747 

0-0761 

0-1039 

0- 1 10.3 
o-o'-^i6 

0*0986 

0-C22; 

0-0717 

0-0679 

0 0740 

0-06SS 

o-oS'^5 

0-0S66 

0-0893 

o-o8Si 

C-OI93 

0-0712 

0-0545 

0-0712 

0-0656 

0-0562 

0-0862 

0-0206 

o-o66o 

0-0524 

0-0592 

0-0S30 

0-0827 

0-0828 

00236 

00517 

0-0717 

0-0609 

0-06 1 4 

0-0707 

0-08S5 

0-0792 

C-OI7S 

0-064.4 

0-0597 

0-0620 

0-0793 

00751 

c-0757 

0-0167 

o-o;oi 

0-0632 

0*0566 

0-07S1 

0-0781 

0-021; 

0-044S 

0-0464 

0-04'^; 

0-056'' 

o-o 5 >io 


0-0666 

0-0S96 

0*0787 

o-07'i 

0-0312 

0-0460 

0-0563 

0-0643 

004.-.^ 

0-0 i6 ; 
C-064S 

0-0555 

0-0687 

0-0804 

0-0745 

C-OliyO 

0-0506 

0-0565 

00506 

00591 

0-0276 

O-O4S9 

0-0S16 

0-0712 

0-0678 

0-0793 

0*0597 

0-0715 

c*o.‘.6 



8o 


Skene.— The Acidify of Sphagnum and its 

were so dark or so ruddy that any approach to accuracy was quite out of 
the question. With calcium acetate, on the other hand, accurate values 
may be almost always obtained. 

There is reason to believe that the acidity of a single sample varies 
throughout the year. If the acid compounds really act as absorbers of 
salts, which are then used up in growth, continued absorption during winter, 
when growth is at a standstill, will result in a relatively smaller acidity. 
A sample of .S', recurvum gave an acidity of 0-0517 in early .-Xpril. A large 
tuft was placed in a i-litre bottle with distilled water, and after six weeks 
had increased in length by 2-3 cm. The new growth was cut off and the 
acidity determined in it and in the older parts; the latter gave 0-0678, the 
former 0-0758. This indicates that during growth minerals are actually 
removed from the older parts ; while, growing in distilled water, the young 
shoots, not being able to absorb bases, have a very high acidity. But it also 
shows that in normal conditions the acidity will vary gre.atly according to 
salt supply and rate of growth, and that consequently the dilTiculty of 
obtaining a value characteristic of a species is increased. Paul’s Table (IV' 
should thus be taken with some caution. The order in which Table VI 
places the species does not agree well with that of Paul, but it might be 
materially altered by selecting individual determinations ; in any case 
a comparison is not profitable, as the number of species studied in common 
is not sufficiently large. 

Tacke and Suchting state that the acidity of Sphagnum cannot be 
increased by washing out. I obtained an increase in every case ; the 
discrepancy may be due to the use of ordinary distilled water containing 
only a small quantity of carbon dioxide by these authors. 

V. S/vuc.w.y AND Chalk. 

The relation to calcium carbonate may be discussed under tw-o different 
heads 1 (a) Is the sensitiveness different in the dilTcrcnt species ? {h) In 
what does the toxic action of chalk consist ? 

(a) If we place 5 . yubellum and . 8 . coiilor/iiin in water containing 
100 mg. of calcium carbonate to the litre, w e find that in a day or two the 
former has turned a dirty blackish colour, and that after a fortnight or three- 
weeks it has died and fallen to pieces without h.iving grown in the least: 
contorUim. on the other hand, remains blight green, exhibits gcotiopic 
movements, and adds consider.ably to its length. This illustrates the i'.ict 
that different species arc .sensitive in dincicnt degrce.s. The relation ui 
growth to calcium carbonate was investigated more exactly in the casf 
of three spacics of w idely different acidity : 

.8. cantor turn, 0-0276 0-0597 {primary) 

S.recurvuni, 0-0517 0-0707 [primary] 

S. rnbeilum, 0-0863 
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The sample of coniortum used had a remarkably low acidity, only 
about half that usually shown by this species. 

The plants were grown in 600 c.c. conical Jena glass flasks, in 300 c,c. 
of solution. Ten plants 5 cm. long were grown in each flask, and every 
culture was duplicated, so that the results arc averages for twenty plants. 
The cultures lasted five weeks, from the middle of March to the end of 
April, and were kept in an unheated room. All cultures subsequently 
described were carried out in precisely the same way. The results arc 
calculated in percentages of the growth in distilled water ; what that is for 
the various species may be seen from the following figures : 

•S. contortum, 4-6 cm. 

S. rceurvnm, 2-25 cm. 

S. rubellum, 075 cm. 

The small growth of makes it impossible to regard small differences 

in its case as .significant. 

The results of the cultures in chalk solutions arc given in Table VII. 


Tai;i,i; VH. 


CaCO^ in mg. 
[if Htn. 

Grcndh of S/^hagnum 
(ontorfum. ti.urvn’n. 7 

•uhiUitm. 


7. 

% 

■f 

5 ® 


47 

0 

75 



0 

too 

44 

SI 

0 

IJ5 

JO 

•^4 

0 

ISO 

11 

16 

0 

'75 

4 

'1 

0 

200 

0 

1 1 

0 


0 


0 

iso 

0 


0 


From this it appears that coutortum is the least sensitive, though 
ranrvum shows a very slight growth in high concentrations. The gcotropic 
ro.iction persists in iontertum up to 130 mg., while in raurvum it disappears 
at ico; the latter is also much more severely bleached: jnbiHum is 
tlic most severely affected. 

1 he investigations of I'aiil on this point have been described in 

iVt.iil. 

The experiment quoted in Tabic \TI shows: (1) that the species 
studied arc sensitive to chalk in difl’erent degrees ; (2) that the more acid 
ipecirs are the more sensitive. Paul’s thesis is thus confirmed in principle, 
But the very e.xact parallel which he finds must be criticized on several 
Sounds. In practice it is not possible to determine either .\cidity or 
■'('iisitivcncss with the degree of accuracy which Paul suggests. 

As far as can be gathered from his p.apcr, it would seem that the 
Mmplc.s used for acidity determinations were the .same .as those used for 
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chalk cultures. So that, though his acidity values are not characteristic 
for the species, this does not invalidate, but rather enhances the value 
of his conclusions as to the conne.Mon between acidity and sensitiveness. 
The lack of accuracy of his method of determining acidity is, however, 
a serious objection. 

When we turn to the determination of the fatal dose of chalk, we find 
that it is a matter of great difficulty. This is at once evident on reading 
Paul's description of the behaviour of almost any species in different con- 
centrations of chalk .solution. The damage increases with concentration 
but quite gradually ; this applies to the decrease in the amount of growth, 
the discoloration, and even to the inhibition of the geotropic reaction. The 
effect on growth is exemplified in Table VTI, and the other symptoms may 
be well seen in such cultures of recurvum. I-lven in the highest concentra- 
tions the tips may remain fresh, green, and alive. Besides the species 
mentioned, papillosum., subscemdum, squarrosum, and cymbifolium were 
examined, but only in the case of rubelluin could anything like a sharp 
limit be obtained. The conclusion is inevitable that the designation 
of any particular concentration as initiating fatal damage must be largely 
arbitrary. 

As already mentioned, Paul states his chalk as amount per too grm, 
dry weight of Sphagnum, instead of as concentratiou of the solution 
employed. To test the validity of the assumption that it is the actual 
amount supplied, and not the concentration of the solution employed, th.it 
IS determinative, two sets of recurvum were grown, one in 2,000 c.c., the 
other in aoo; the chalk present in each was the same— 200 mg., so that 
only the concentration was different. The first set showed a growth of 
37 per cent., a strong geotropic curvature, and a fairly healthy colour ; the 
second did not grow at all, showed no curvature, and was quite dead. 
From this it follows that it is the high concentration that is effective. 

Paul shows that even in the case of rubtUuni the amount of chalk 
supplied must be sufficient to neutralize the acid compounds befoie 
damage sets in. Were such small quantities of solution employed that the 
amount of chalk therein was not sufficient to neutralize the Sphaqiiim 
employed, then amount would enter as a factor. W hen, as in my cxiicii- 
nients, ane.vcessis present even in the dilutesolution.s.thenonlyKwiivi/rii/.io 
will come into play. Paul’s paper gives no clue as to the amount of soliKioii 
he employed. 

That contorlum and recurvum are sensitive to different degrees is clc.ii 
but in the Acidity Table no less than four species lie between these two: 

It will be understood that to demonstrate a difference in sensitivenc's 
between neighbouring members of that series of six would be a matter cf 
very considerable difficulty. 

VVe must conclude that while the correlation which Paul finds can be 
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demonstrated for species of markedly different acidities, it is not possible in 
practice to follow it out in fine detail. 

(b) The theory that the toxic action of chalk is due to saturation of 
the Sphagnum acids, and subsequent derangement in metabolism, does not 
appear probable in view of the various experiments and observations quoted. 
If the saturation acts directly, it is difficult to see why high concentrations 
should kill the highly acid species and not those with low acidity. And it 
is difficult to conceive the mechanism of an indirect action. The Sphagnum 
cannot feel the want of fresh absorbed base at once, for it is capable of 
living and growing in distilled water for a long time at the expense of 
previously absorbed base. A Sphagnum supplied with a fatal amount 
of chalk dies promptly, and shows no sign of attempting to manufacture 
a fresh quantity of acid compound by temporarily increased growth. 

The most powerful argument against this view is supplied by the 
behaviour of Sphagnum to salts. These too arc capable of saturating the 
acids, but despite this many of them are supported in high concentrations, 
although they may be no better nutrients than calcium carbonate. Calcium 
suli)hate was supported in all the species Paul tested, in concentrations up 
to 2,000 mg, per litre (= 1,400 mg. CaCO.). The case of calcium chloride 
is conclusive ; it is no better as a food-stuff than the carbonate, and it is 
supported by 5 . medium up to 966 mg. per litre (= SHo mg. CaCO,). 

If we look for a more natural explanation, the most probable seems to 
be that it is by altering the reaction of the solution that the carbonate acts. 
Sphagnum can grow best in an acid medium, which it cannot obtain in the 
presence of chalk, The ability to withstand high concentrations of chalk 
would then be an ability to withstand strong alkaline rc.actions. The 
behaviour of Sphagnum to acids .'ind .ilkalics provides a means to test this 
h\-pothcsis. 

The acids and alkalies chosen —hydrochloric and citric acids, and 
icdium hydroxide and .sodium bicarbon.itc— could scarcely stimulate 
growth by supplying mineral nutrients. The results arc given in Tables 
VIII and IX. 

T.MU.lt VIII. 

./.vyi, 

' 'rr, 

r/iili-,].'/. XtH*// 

'h 

\ ; 

\ -ton 

N ffO 

N 10. n f.;, 

N JOCO 70 

N ;,ooo 100 

N -000 '•'o 


. x-tj/ro . .XiO//. Xa//rO,. XaO/f. 

■' i /b .b /» 

7 01^ o o 

('i o 15 o o 

70 015 o 0 

o .'o 0 (> 

(>4 5 S JO * :6 

SS 70 70 2'> .Vs 

9 .’ 7 ^ Il'i 
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Table IX. 

Crowik of Sphagnum 


Cont'eniration 

lOttiortum. 

recurvutn. 

ruhelhim. 

of add. 

HCl. 

HCiU 

IfCl. 

licit. 

IICL 

licit. 

% 

% 

% 

X 

% 

% 

80 

N/ljo 

0 

49 

0 

93 

0 

N/^oo 

13 

100 

40 

107 

0 

87 

N/ 7 ,!iO 

32 

124 

5 ' 

142 

33 

93 

N/iooo 

92 

124 

64 

127 

85 

100 

Ny:ooo 

iiS 

'I3 

1(8 

1(8 

103 

106 

N '3000 

136 

142 

•3' 

i |7 

1^7 

114 

N/5000 

‘23 

123 

'3' 

147 

'55 

109 


The results are a little irregular. Wc may, however, draw from thcui 
the following conclusions ; 

(rt) contorinm is but little injured by hydroxide of N/500 or less, for 
recurvmn the concentration i.s N/5.000, and for rubeltum N/5,000. The 
same holds good for the bicarbonate, except that it is rather more favourable 
than the hydroxide for rccurvum. These alkalies act, then, in precisely the 
same manner as does chalk. 

{b) For all three species hydrochloric acid ceases to bo harmful at 
between Xyi.ooo and N/2,000, citric at N,yoo. At lower concentrations 
both acids exercise a very decided stimulating effect on growth. 

Taken alone, the results with alkalies may be interpreted in the sense 
of Paul’s hypothesis — in fact, he docs quote experiments with alkalies in it, 
support. But in conjunction with the stimulatory effects of acids in low 
concentrations, they afford good grounds for assuming that the harmful 
effect of chalk and the alkalies lies in the fact that they deprive the Splitignim 
of the acid reaction which is beneficial to it. 

The method by which Sphagnum obtains its supply of nutrient ba.ses 
entails the liberation of the acids of the salts concerned ; consequently the 
Sphagna are normally bathed in an acid .solution. The reaction was at first 
an accidental accompaniment of another proce.ss, but it has now become 
a necessity for the Moss. Those species living in stations where the .salts 
(and consequently usually also chalk) arc scaice require a large quantity 
of acid compounds; they are doubly secured from ever encountering .an 
alkaline reaction. Those inhabiting the mrirc favoured low inoor.s, belli 
because they arc less acid, and because chalk is more abundant in their 
environment, have more chance of being subjected to the influence of 
a neutral or alkaline medium. It naturally follows that the former are 
more sensitive than the latter. In sonic such way can wc account for the 
connexion between acidity and scnsitivcne.ss. lie that as it may, it woiikl 
seem that the preference of Sphagnum is for an acid reaction, its rcpugnancL', 
in the case of chalk as in other cases, for an .alkaline one. 
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VI. Sphagnum and Mineral Solutions. 

It remains to consider the fairly widespread opinion that the Bog-mosses 
are sensitive to high concentrations, as such, of mineral .solutions. From 
experiments quoted it is clear that some salts are much more dangerous 
th.tn others, but the effect of a complete culture solution has not been tried. 
In making up a solution, the first difficulty that meets one is the phosphate 
.supply. The extreme toxicity of phosphates has been pointed out by Paul, 
and emphasized by Haglund. I tried a series of ten phosphates on S. eon- 
lot lum, and found it considerably more resistant than the species {medium) 
tested by Paul. It withstood at least 50 mg. of all of them. Further, the 
toxicity was considerably lessened by the presence of calcium sulphate. 
In its presence 250 mg. were resisted. In view of this experience a solution 
of the following constitution was employed ; 


Calcivim nitrate .... 

• l.'fi mg. 

Potassium nitrate 

• nig- 

Potassium dihyd. phosphate 

• '.'.omg. 

Magnesium sulphate . 

. 400 mg. 

Potassium chloride . 

. 200 mg. 

Iron sulphate .... 

trace. 


The re.iction is acid ; but a second set of cultures was tried w ith the 
same solution to which just .sufficient sodium hydro.xidc had been added to 
neutralize the acid. The concentrations used and the results are given in 
Table X. 


Taiilk X. 


Cr.Kflh cj 



xmlcrltm. 

riiun 



.urn. 

C CtUitllriKtiltt. 

•liid. 

a.k. 


a!’.-. 


aik. 

% 

% 

V 

% 

% 


% 

0‘0I 

liS 

1:0 

l~0 

M* 

uu 


0-05 


*•5 

M 7 

ri'^ 


4 .^ 

O’ I 


y.' 

My 

yo 

r.> 

.'0 

O'j.; 

112 


I to 

.^5 

;i 



(*0 

£S 

70 


.>5 



ruhclUim is slightly harmed by even the most dilute acid solutions, 
and can evidently not support even low salt concentrations. The other two, 
however, thrive best in stronger solutions, contortum is best in o-oj-o-i, 
wiroii/n in o-oi, though it shows a vigorous growth in the next higlicr 
concentrations. When the solution is originally alkaline, the favourable 
concentrations arc lowered in all cases. This again demonstrates very 
dearly the effect of the alkaline reaction. Although the two more' rcsist.rnt 
cpccics grow well in solutions of a salt content comparable to that offered 
water cultuic to noweriug plants, it docs not follow that these conditions 
"ill be equally favourable in nature. In my cultures it wa.s seen that after 
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about two months a vigorous growth of Algae appeared ; in three months 
the Algae completely covered the Sphagna, so that a continued healthy 
growth of these was impossible. Haglund, as already stated, made similar 
observations, and the same thing may be seen frequently in the field with 
Sphagna growing in ditches. 

These experiments yield no data as to the nutrient value of the salts 
employed. They only show that the less acid Sphagna nourish in quite 
high concentrations of mineml .solutions in artificial cultures. 

Vn. CONCLlSION.s. 

In addition to the criticism and elucidation of various other points, the 
chief conclusions which may be drawn from the preceding pages arc ; 

1. There is a variation in acidity and in .scnsitivcne.ss to chalk betwcL'ii 
the different species of Sphagnum. 

2. There is a correlation between degree of acidity and degree of 
sensitiveness. 

3. The connexion between the two i.s indirect, not direct. 

4. The Sphagna thrive in acid solutions: the injurious effect of chalk, 
and of alkalies in general, is due to the substitution of an alkaline for an 
acid reaction. 

5. Mineral solutions are generally physiologically harmless, but may 
be ecologically harmful. 

6. The Sphagna do actually utilize in growth bases held ab, sorbed by 
the acid compounds of the cell-walls. 

The subject tvas brought to my notice by Professor Dr. Ludwig Just, 
of Strasburg, and to him my mo.st sincere thanks arc due for this, and for 
advice and criticism. To Professor J. \V. H. Trail, F.R.S,, of Aberdeen. 

I am indebted for literature references, and to various friends for help 
especially in obtaining material. 

Part of the expense was defrayed by a grant from the Carnegie Trustees, 
to whom I wish to express my obligation.s. 
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On the Relation between the Concentration of the 
Nutrient Solution and the Rate of Growth of Plants 
in Water Culture. 


1 )V 

WALTKR STILES. 

INTROIJUCTION. 

F ^ROM time to time during the last fifty years various writers have pub- 
lished the results of their observations on the effect of the concentration 
of the nutrient solution on the growth of plants. As a result of these 
re,<carche,s from those of Eirner and Lucanus ‘ onwards, it has become clear 
that plants grow quite healthily in extremely dilute solutions, but it is not 
clear that the rate of growth of plants in such solutions is as great as 
that when higher concentrations are used. Recently Hall, Erenchley, and 
Underwood ’ have attempted to show that concentration of the nutrient 
solution influences very greatly the rate of growth of plants. The observations 
of these writers agree so ill with the conclusions arrived at by other workers, 
notably by Cameron,” that the publication of the results of some experi- 
ments on the effect of differences of concentration of the nutrient solution 
on growth .seems justifiable. 

Methods. 

In conducting experiments involving the use of water cultures two 
main difficulties present themselves. In the first place, plants growing in 
'vater cultures under exactly the same conditions are very variable. As 
evidence of this it is only necessary to cite the results of some work by 
Erenchley,* where the dry weights of a number of plants growing in water 
culture under exactly similar conditions are given. 

' Himcr ond Lucanns ; Wa-wrcuHurversuche mit Hafer. Landw. VcrsuclissUt voL \iii iS66 

i;7. ’ 

' Ilnll, A. D., Brengblcy, W. i-., and Undemood, U M, ; The Soil Solution and the Mineral 
Upn.qiiucnts of the Soil. Thil. Tr.m. B. 304, 1913, pp. 179-aoo. 

Cameron, 1 ' . K. : The Soil Solution. Easton, P.!., 191 1. , 

^ Creiiclilcy, ^\. }■„ ; The Inllueiice of Copjicr Sulphate and Manganese ulphate upon the 
'ifAUh of Barley. Ainmls of Botany, vol. axiv, 1910, pp. 571-S5. 

l Annali of Botany, Vol. XXIX. No. CXUI. January, 1915.1 
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The second difficulty arises from the phenomenon of selective absorp- 
tion. All ions are not absorbed by the plant at the same rate ; the result 
is that not only the concentrations but the relative proportion of the con- 
stituents of the nutrient solution is also changing. 

In order to reduce the errors arising from these sources, seeds were used 
which were of as pure a strain as could be obtained, and which should there- 
fore have yielded plants as alike as possible. The seeds were germinated 
in clean s.and, and young seedlings as much alike as possible were selected. 

The plants were grown singly in glass bottles of i ,400 c.c. capacity 
and were done in sets of ten. The corks used were coaled with paraffin, 
and the solutions were changed every few (five to three) days, except in 
some instances udicrc inquiry was made into the effect of not changing tiic 
nutrient solution. All the cultures in tiny one scric.s were started on the 
s.atne day and were also harvested and di'ied at the same time, so that the 
results arc strictly comparable. 

Each plant was dried and weighed separately and the probable crroi' 
of the mean of each set of ten results calculated, so that .an idea of the 
significance of any differences in dry weight might be obtained. 

The nutrient solutions used were of four different concentrations, but 
the proportions of the contained salts were the same in each. Ordinary 
‘pure’ salts were used and a practically pure distilled water free from 
copper. The relative concentrations (i, were the same as were 

used by Hall, Brenchley, and Underwood, but the actual proportion of .salts 
was slightly different. The compo.sition of the strongest solution was us 
follows : 


K.NO, 

1 i^rm, 

CaSo”, Hf.O 

.. 

MgS()„ 7\i,U 

0-2,', 

KHPO, 


NaCl 

o*C4 „ 

P'eiNO,), blUt) 

c*C4 „ 

Water 

l -OOO cx. 


The Results. 

A preliminary series was grown during the early month.s of the )'car. 
1 he plant used v\as a Danish strain of Rym(hcjo,\o. i), obtained for Professor 
Priestley by the kind offices of Profc.ssor Johannscn. Growth at thi.s taiK 
of the yem was slow, and consequently' when the plants were removed tlu y 
had not nTade very much growth. The actual rcsult.s are as follows. I hr 
dry weight of each plant is given. 
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Scries i. 

Cultures started February to. 

Solutions changed February 13, 17, 30, 24, 2X, March 3, 7, 1 1. 
Cultures harvested March 14. 

ConieiUration of HulrUnt solulion. 



5 - 

lO’ 

2&- 

fnu . 

frm. 

:;rni. 

•frni. 

0-0459 

0-0594 

0-0516 

0-0279 

o-04to 

0-0604 

0-04I4 

0-0406 

0Q466 

00650 

0-0438 

0-0465 

0-0495 

0-0633 

0-0484 

00524 

0-0500 

0-0678 

0-0494 

00576 

0-0566 

0-0734 

0-0594 

o-o 6;.7 

0-0590 

0-0796 

0-0604 

00739 

0-c696 

0-0834 

vofijs 

0-0; 111 

0-0743 

0-0848 

o-07''»6 

0-0814 

O’Oytji 

0-0S7S 

0-1 i ti 

0-0834 

Mian 0-05945 

0-0735 

0-0591 

0-0604 

>baMc error of mean 0-0056 

00033 

0004S 

0-0039 


Reviewing these results after the probable error is tahen into con- 
sideration, it will be observed that there is not much appreciable difference 
between the mean dry weights of the plants growing in solutions of different 
concentration, 

A scrie.s was grown during the spring in which Harley was employed as 
the culture plant. Seed of a pure line was used which was kindly sent by 
Professor Biffcn to Professor Priestley. The growth of these plants was 
much more rtipid than that of the Rye grown earlier in the year. The 
weights of the shoot and root of each plant were taken separately. The 
results of this series are as follows : 


Series 1. 

Cultures started April iS. 

Solutions changed .May 5, k, 13, iS, j:, 26. 29. June 2. 
Cultures harvc.sted June 6. 

Ci'iucttlralion r-. i. 


Shd-:!. Total, 

frm. 

v>;.!y o..v>7 

0-341 O-oS.t C-4J4 

O ’ - fM ) O-oy^ 

0-387 o-io6 0-4^3 

0-476 OM28 o-6os * 

0-531 o-ijj 0-653 

o-;;6 0-140 o-;i6 

0-593 0-146 0-739 

0-3S6 0-155 O-^}! 

0-S3S o-3oS j-o4(» 

^^can 0-503 0-126 o•63^ 


I’rolinlilt.’ error of mean 0-041 


I >rY weight of shoot 

- r--- 4'0. 

Diy wci^lil of root 

' III all ca-scs tlie plants were wcigbetl to a tenth of a mUligram, but the numbers arc here 
lo the Uiinl decimal place. 
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Concentration = | 



Shoot. 

Root. 

Total. 


Srm. 


grm. 



O'oSj 

(rj 20 ^ 


0-359 

0-097 

0-456 


0-377 

0-130 

0-497 


0-.| 1 2 

0-120 

0*532 


0-427 

O-1 1 1 

o*53« 


0-476 

0*125 

o'6oi 


0*474 

0*131 

0-605 


0*547 

0-129 

0*676 


0-546 

0-158 

0-704 


0-785 

0*204 

0-989 

Mean 


0-133 

0-622 

Probable error of mean 



0-035 


Dry weight of shoot 



Dry weight ol root 

3*7- 


Concentralion = 45. 


ShoN. 

Root. 

ToliU. 




grm. 


o'jSS 

O’oSo 



0*3*5 

o*o8o 

0*395 


0‘5»3 

0-099 

0-412 


0-382 

O-TOI 

0*4'^3 


0*361 

0-136 

0-497 


0-425 

0*113 

0*537 


0*4*5 

0-140 

0*554 


0-466 

0-124 

0-590 


0-569 

0-151 

0-721 


o-6ii 

0-198 

0-809 

Mean 

0-4:9 

0-1 27 

o*5.=5 

Probable error of mean 



0-050 


Dry V 

veight of shoot 

— a-j 


Dry weight of root 

a -f- 


Concentration = 

Ss- 


Shoot. 

Root. 

Total. 


grm. 

srm. 

grm. 


0*243 

0*096 

0*339 


0 - 2-, 9 

0 'v 6 } 

iV }^2 


0-512 

0*084 

0*396 


0-343 

0-113 

0*455 


0-357 

0-113 

0-470 


0-362 

0-116 

0-47S 


0-370 

o*‘43 

0*5 » 3 


0*394 

0-123 

O il 7 


0-396 

0*1 35 

0-53' 


0-405 

0*133 

0-538 

Mean 

0-354 

0-117 

0-471 

Probable error of mean 



0-015 


Dry 

weight of shoot 



Dry 

weight of root 

= 3-0. 

* 'Fhe pl^^ts whose dry weights are shown in italics were of an entirely riifferent form from if'-' 

rest. They were smaller, with finer leaves, of a much bushier and much less elongated habit, .nid 

of a much darker green. All the other plants were so 

similar in form lliat the lline cxcc]>limi:^ 

noted in the tables are obviously not in 

the pure line. 

Their dry wcigliU have therefore not Uvi 

considered in calculating the mean or the probable error. 
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Summarizing these results and taking the probable error into account 


the following numbers are obtained : 

Dry weight in ^m. 

Concentration of 

Highest and lowest 

nutrient solution. 

numbers. 

1 

X 

f 

10 

0-669 

0-587 

o-<>67 

0 - 5*7 

0-5*5 

0-52.5 

1 

20 

0-486 

0-456 


Thus the only mean dry weight which differs from the others by an 
amount exceeding the probable error is that of the cultures growing in the 
clilutest solution, and even here the difference is not very great. 

As the concentration of this particular solution is less in all essential 
things, except nitrate and iron, than the lowest strength of nutrient 
solution used by Hall, Brcnchley, and Underwood, it is surprising that 
the difference in the dry weight between the cultures grown in this solution 
and those grown in the highest strengths should be so small. The numbers 
obtained by Hall, Brenchley, and Underwood are as follows: 

Dry 
0*420 

C*i44 

0*1 08 
O'oCS 

In order to determine whether an infrequent changing of the. nutrient 
solutions influences the result, two further series of Barley cultures were 
grown in solutions which were seldom changed. In all other respects these 
cultures were conducted similarly to the others. They were done in sets of 
ten and the probable error of the mean dry weight of each set calculated. 
The numbers already given serve to illustrate the variation in dry weight 
obtained within one set, and so individual results are not given in the 
following tables. The results arc as follows : 


Con<entration of 
uulrient solution. 


Cultures started April 30. 
■Solutions changed M.ay 11, ji. 
Cultures harvested June 9. 


i'citicnhat'u'ii 

Pry T.v/q'/;/ 

Pfy Ti tight 

Total dry 

PrAahk 

Sh.k'/ 

■f solHlhn. 

•’/ fho.'h. 

if tcols. 

Wiighi. 

error. 

root. 


grrri. 

grm. 

grm. 

gifts. 


1 


0-J 10 

0-44J 

0-0 J.’ 

.VO 



0- 1 124 

0-461 

0019 

.VI 

T d 


O-IOjft 

0-448 

o-ou 

,V.i 

.■0 

OlS.^ 

0-077 


I 
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Series 4. 

Cultures started May i. 

Solutions changed May 25 - 
Cultures harvested June 12. 


Concentration 

Dry voeiffit 

Dry VHifkt 

Total dry 

Prohahh 

Shoot 

of sohiiion. 

of ihoots. 

of roots. 

weight. 

error. 

root. 


grm. 

^rm. 

grm. 

grm. 


I 

0-J27 

o-oSj 

0-312 

0-01 7 

2-7 


0-325 

0-103 

0-42S 

0-02 I 

3-2 


oMrr 

o- 1 33 

0-500 

0-020 

.VI 

25 

0-2826 

0-1287 

0-411 

o-oiS 

2-2 


Discussion of Results. 

The results recorded in the preceding section of this paper indicate 
that if the nutrient solutions in water-culture c.xpcriments arc changed 
frequently, so as to maintain more nearly a constant composition of the 
solution, the concentration of the solution may vary considerably without 
producing much effect on the rate of growth of the cultures as measured bj 
the dry matter produced within a given time. Relow a certain concentm- 
tion, however, there seems to be an indication that the rate of growth 
becomes less, although this falling off is not very marked in the lowest con- 
centration employed in these c.xpcriments, and not nearly so marked as the 
falling off in the growth recorded by Mall, Rrcnchlcy, and Underwood for 
the same species growing in rather similar concentration. Indeed, the rcsult.s 
concerning Rye and Barley recorded in the present paper arc exactly described 
by Cameron when he states with regard to water-culture experiments with 
Wheat, ‘that if a given r.atio of mineral nutrients be maintained, relatively 
small effect is produced on the growing [ilants by varying the concentration 
over a wide range The recently published work of Tottingham • indicate^ 
the same conclusion. It should be stated that the plants which had pro- 
duced the least dry matter were quite healthy plants and showed no sign 
of weakening. 

Indeed, of the ido plants grown none died nor showed any sign of lack 
of vigour when the culture.s were stopped. 

It will he observed that when the nutrient .solutions remain un- 
changed a marked deprc.ssion of the rate of growth occurs. This cm 
scarcely be due to lack of .salt iu the strongest nutrient solutions, althoiiyli 
this cause may he operative in the solutions of weaker concentration. It 
might be caused by the harmful effect of excreta from the plant, but at 
present the existence of .such toxic excreta cannot be regarded as definitely 
establishiSl. It might more probably be explained by the .absorption ni 

* The Soil j>. “o. 

iottingham, K, : A Qii.itnitative Chemical ami rhysinlogical SUuiy of Nutrient Solu- 
tions for Plant Cultures. PhysK/!. Kesearthes, v«rl, i, 19*4, i ii. 
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different ions at different rates which would result after a time in an altera- 
tion of the relative proportions of the different substances in the solution. 
The necessity for a definite balance between the substances in a nutrient 
solution has been emphasized by many workers recently. The effect of 
this selective absorption would be extremely difficult to foretell, as it would 
probably produce different results in solutions of different concentrations. 
In the strongest solutions, however, the toxic properties of the substance in 
excess would probably be most marked, while in the weakest solution 
a starvation effect owing to exhaustion of some particular salt or ion might 
result. In any case it would appear to be essential in many water-culture 
experiments to renew the culture solutions at frequent intervals, and possibly 
to use culture jars or bottles of large capacity. 

One point which may be worth mentioning is that of the ratio of the 
dry weight of the shoot to that of the root. It would appear that with 
decreasing concentration of the solution the growth of the shoot is affected 
much more than that of the root, a fact which is also indicated by Hall, 
Brcnchley, and Underwood’s figures.' When the culture-solutions arc 
not changed frequently, the growth of the .shoots is again affected more 
than that of the roots. 

It .seems neccs.sary to lay emphasis on the extreme variability of plants 
growing in water-cultures, particularly as regards their dry weight. The 
numbers given by Brenchley, already referred to in this paper, and some 
given by Hall, lirenchley, and Underwood,^ make it quite clear that in order 
to obtain definite .-esults by the watcr-culturc method it is essential to 
use a fairly large number of plants, and to weigh the dry matter of each plant 
separately and calculate the probable error. 

(.Inly by thi.s means can an indication be obtained .as to whether .any 
difference is .significant. By reference to the figures in this paper it will be 
seen that working with sets of ten plants under the s,amc conditions doe.s 
not allow of the measurement of moderately .small diflferences even when 
a pure line of seed is used. Hall, Brcnchley, and Underwood's culture.s 
were only grown in duplicate, and tins may account for tlie differences 
bawcen tlicir results and tho.se of other observers. 

W'hat bearing the results of experiments with water-cultures can have 
nn the question of the soil solution it is difficult, and would indeed be 
picMiaturc, to .say. To argue from a comparatively simple medium, .sucli 
,1 nutrient solution of mineral s.alts, to a complex structure like the .soil, 
is indeed a risky tiling to do in the present state of our knowledge. It 
Kcins, however, .safe to say th.at the present experiments, like those of most 
Uther observers, support Cameron’s contention that the soil .solutitin, dilute 
as he supposes it to be, is yet quite concentrated ciiougli to snppoit 
'cgctation. In this connexion it is interesting to compare tlie quantities of 
l[.in, l^rcnchlcy, .hh! Unilcrwoiwl : ).c., pp. 191. 193. * 1. c.. p]\ rgi. 19^, 
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potassium and phosphate in the various solutions used in these experiments 
with the quantities found by Cameron to be present m the soil solution. 


Paris pi'r 
10* of 

K,0 

PjOs 


Soil solution 

ConcetUration of solution. ateording to 
I s ^ Cameron. 

1,0 ;5 28 about 28 

13, a6 13 6-5 about 7 


Thus the weakest solution when first put in the culture jars was of the 
same stren^^th in regard to potash and phosphate as that of the soil solution. 
This probably means that its average strength during the time it was in the 
culture bottles was somewhat less; and although the plants grown in this 
dilutest solution produced somewhat less dry matter than those in higher 
strengths, the difference was not great and the plants were perfectly 

healthy. , i l 

Finally, it should be pointed out that such results as those here 

recorded cannot be regarded as in any way general. Although all the 
plants in one series were grown under apparently exactly the same con- 
ditions, yet it is possible that under a different set of conditions a different 
result might be obtained. Again, different species might show different 
effects in regard to concentration of the nutrient solution. It must be left 
for future work to deal with these questions. 


SUMM.MtV. 

I. The variation over a fairly wide range of the concentration of the 
nutrient solution of Rye and Harley growing in water culture produces 
relatively little effect on the amount of dry matter produced. Hclow 
a certain concentration there appears to be a definite falling off in the rate 
of growth. 

a. The concentration of the soil solution as estimated by Cameron, low 
as it is, is yet high enough to produce healthy plants. 

Frequent changing of the nutrient solution of water cultures pro* 
duces decidedly better growth of the plants. 

4. It is necessary to calculate the probable error of the results obtained 
in experiments with water-cultures in order to determine the significance 0! 
differences between results from different scls of culturc.s. 


Botany Department, 
The University, 
fttne 25, 1914. 
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BY 
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LtdHrer in Botuny at Umvcnity Collide, I'.tadin^. 

With Plate VI and four Figures in the Text. 

Introductory. 

A S an import.mt member of tlie moorland flora of Northern Europe, 
. Cdluita vulgaris is commonly associated with soils of a definite type, 
especially when it occurs as the dominant or sub-dominant species of moor- 
land associations. As .such, it is especially characteristic of dry heath 
soils, deficient in lime and often acid in reaction. 

So obviously is this the case, that the current hypothesis to explain the 
cdapliic relations of this and other calcifuge ericaccous .species assumes that 
their loc.il dominance connotes soil conditions inimical to the growth of 
other plants. 

This hypothesis, however, did not adequately explain the success 
of small Calluna communities in the special case selected,* and a close 
scrutiny of ecologic.il records revealed .similar inconsistencies elsewhere. 

Experiment, il evidence has already b«n brought forw.ard indicating 
•hat the ' lime-shy ' habit is not a direct reaction t.i excess of calcium 
carbonate as such in the soil, but is associated with correlated peculiarities 
of calcareous soils (1), It seemed po.ssiblc that detailed experimental 
investigation of a special ca.se might throw light on the significance of the 
calcifiige ’ habit in general. 

,\ detailed record of the soil conditions found in the special ca.-c 
referred to above has already been publi.-.hed i!’). 

The observ.itions recorded in this e.irlicr paper, taken in conjunction 
«i:ii the results of water-culture experiments on seedlings of Calluna 
cNtcr.ding over a year, scrverl to strengthen the impression th.rt the soil pre- 
ferences ol the plant arc probably intimately connected with the biological 
rclaliniis of the roots with one or more micro-organisms. 

' III. Sis api'iou'tl li>r iiic >U*);ric I'f Poctor t'fS.i<nc<* in the Lniv-Tsjty I'l lA'nrlon, 

’ T' e ii’.vcsiig.Tiiiin nf whu-h tins a:i accoiiHt «a> urden.-ken as tbc result ol an 

11^‘dy iiito the preetsf cco]Oj,;Knl — edaj'hic .m i which arc associated with 

• f yc I't' sin.ill wcll-di fined commuiiuiesol the ComiiA'ii l iii^ in .a t<.s:ricti‘'i 

"1 lire ^Viltshiic 

Annals of Botany. Vol. XXIX. No. CXIII. January, 1915.] 

H 
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Subsequent expei imental work led to the following conclusions, the data 
in support of which have been recorded ( 3 ) : 

I. Seeds of Callnna vulgaris may be sterilized, and seedlings germi- 
nated in a sterile condition, i. e. free from fungal or bacterial infection. 

s. In seeds removed with aseptic precautions from unopened fruits, the 
embryo and endosperm are sterile ; the testa is infected with a Fungus 
identical with the mycorrhizal Fungus of the root. 

3. Germination and the early stages of growth of sterile seedlings are 
normal, but, in the absence of infection, arrest of root formation occurs, with 
subsequent inhibition of growth. 

4. Infection of the primary root of the seedling takes place subsequent 
to germination, by a growth of mycelium from the seed-coat, the latter being 
infected while still in the ovary. 

5. Pot cultures in soils, favourable and unfavourable respectively to 
the growth of the plant in the field, demonstrate that Callnna grows 
normally in the former, abnormally in the latter. Abnormality of growth 
is exhibited in : 

(a) reduced germination capacity ; (b) retarded germination ; (c) arrest 
of seedling root and curvatures of growing region ; {li) arrest of shoot : 
(e) small size and red coloration of leaves. 

6 . Intimately connected with these abnormalities is the presence of 
colonies of Bacteria on the roots, especially round the tips. These Bacteria 
are to be regarded either as pathogenic agents, or as indicators of soil con- 
ditions unfavourable to the Fungus or to the plant. The presence of 
bacterial colonies is directlj' correlated with the abnormal growth displayed 
by the roots, but evidence is not conclusive that they are the immediate 
cause of this condition. 

7. The evidence available points therefore to the conclusion that the 
relation between the plant and it.s mt'corrhizal Fungus is an obligate one. 
Successful growth is bound up with infection of the roots at an early stage 
by the Fungus, and with the subsequent healthy growth of the latter. The 
soil preferences exhibited by the plant depend on the maintenance of 
a biological balance between the roots and thccon.stitucnts of the micruflora 
which beset them. 

Assuming these conclusions to be valid, it is apparent that before an}' 
special case involving the soil preferences of the plant can be attacked 
directly— before, indeed, such a problem can be clearly formulated— the 
ground must be cleared by an investigation into the precise relations exist- 
ing between the plant and the Fungus which plays such an important pait in 
its life-Wstory. 

The work recorded in the present paper was commenced w itli this end 
in view. Owing to the somewhat unexpected nature of the results, it 
has been carried nut as an inrlepcndcnt research. 
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The facts established supply the data requisite for a direct attack upon 
the original ecological problem ; they throw further light on the rather vexed 
question of the significance of mycorrhiza, and they have demonstrated for 
Calluna, and probably for most cricaceous species, an unsuspected symbiotic 
relation, in some respects unique among flowering plants. 

The record of the results of the present investigation, since it is 
concerned more especially with the isolation and biology of the mycorrhizal 
Fungus of Calluna, is prefaced by a brief historical review of previous work 
on endotrophic mycorrhiza. 

M VCOit RH IZ A— H ISTORICAL. 

The peculiar association of the vegetative stage of a Fungus with 
the roots of the higher plants, known by this name, has been familiar to 
botanists since the middle of the last century, and although many cases have 
since been carefully investigated, especially from the cytological point of 
view, comparatively little is yet known with certainty of the bionomics 
of the relationship, and still less of the life-histories and systematic po.sition 
of the Fungi concerned. 

Early observers were usually content to record the prc.sencc of hypliae 
in or upon the root.s of various plants without attempting to investigate the 
cx.ict relations between the two organisms. 

In the early part of the nineteenth century the presence of mycelium 
in plant tissues was recorded by Schleidcn. and in ififla Kamienski drew 
.rttention to the external investment of hyphac on the roots of Monotrupa 
Hypopilps (1). 

In idSy a great impetus was given to research by Frank, who first 
made use of the term mycorrhiza and formulated a definite theory of 
symbiosis, the possibility of which had airc.idy been suggested by Pfeffer, 
K.amicnski, Trcub, .and Goebel. 

Frank’s observations were made on a large number of plants, and 
he dislinguishcd two forms of union: cctotrophic mycorrhiza. in which the 
I' lingus forms an c.xterual investment on the root but doc.s not penetrate the 
11 11s— esjrccially characteristic of many forest trees; and cmlotrophio mycor- 
iliiui. in which the cells of the plant arc actually invaded by fungal hyphac. 

Based on experimental study of cctotrophic mycorrhiza in forest trees, 
Frank formulated his well-known theory of the symbiotic role oflhe Fungus ; 
namely, that root-hairs arc frequently absent and arc replaced functionally 
by fungal hyphac, which arc responsible for the absorption by the plant 
of mineral salts or organic nitrogen compounds from the soil — a debt repaid 
by the ti ajisfercncc of carbohydrates from plant to F'ungus. 

.Sub.scrjucntly, a .similar function was claimed for the Fungus of endo- 
trophic mycorrhiza, the absorption of nitrogen compounds from the Fungus 
involving, in this case, their digestion by the cells of the plant (a). 
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Frank and his pupil Schlicht drew attention to the widespread occurrence 
of endotrophic mycorrhiza, especially in the Natural Orders Orchidaceae, 
Epacridaceae, and Ericaceae. 

In the case of Ericaceae, Frank described and figured the very fine 
hair-like roots of certain heath plants, the cells of which are constantly 
filled with fungal hyphae (6). 

In such roots he emphasizes the complete absence of root-hairs, the 
disappearance or reduction in amount of coitical tissue, and observed the 
‘ epidermal ’ layer of large cells filled with ‘ knot-like ’ masses of mycelium, 
branches from which penetrate the external walls. 

Frank recognized the possible existence of more specialized relations 
between Fungus and flowering plant in the case of certain groups, such as the 
Ericaceae and Orchidaceae, but pointed out that comparative cultures 
of infected and uninfected plants of this type were not yet available for 
discussion. 

The conclusions of Frank as to the role of the Fungus in ectotropliic 
mt’corrhiza were challenged by Sarauw (7) and by Mdllcr (8), the latter 
of whom pointed out that ectotrophic mycorrhiza was often well developed 
in soils poor in humus. 

It was al.so .shown subsequently that root-hairs were not uncommonly 
formed by plants possessing ectotrophic mycorrhiza, and Von Tubeuf (9i 
demonstrated that the endotrophic type was often characteristically 
developed in forest trees. 

On the whole, since Frank’s time, views as to the significance of 
ectotrophic mycorrhiza have diverged from his theory without entirely 
abandoning it. 

Subsequent to the researches of Frank, the endotrophic forms attracted 
more attention. Among a number of publications dealing more especially 
with their cytology and general significance may be mentioned those 
of Groom ilO), Thomas (11), Jansc (12t, Magnus (13), Shibata (14), and 
Peklo (15). The first of these authors agreed substantially with the view 
of Schlicht and recognized a series of transition forms leading from the 
condition observed in Ericaceae — which, in his view, approached the ecto- 
trophic type present in forest trcc.s — to the highly specialized relations found 
in Thismia Aseroe. 

In 1900 .Stahl published hi.s well-known work on the comparative 
biology of autotrophic and mycotrophic plants (16). 

He assigned to the fungal partner of mycotrophic plants the role 
of obtaining mineral salts from the soil, and pointed out that such salts arc 
especially valuable to plants which, because they grow in humus, or for 
other reasons (c. g. slow transpiration), arc unable to absorb water with 
sufficient rapidity to satisfy their requirements for mineral salts. 

The experimental work on which Stahl based his conclu.sions would 
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seem to be open to criticism in the light of recent researches, and is further 
discussed at the end of this paper (p. 125). 

In recent years the mycorrhiza of the Orchids has attracted attention 
owing to the abundance of the endophyte in the tissues, and to its very 
characteristic relations with the cells of the plant. 

The researches of Bernard mark an epoch in the knowledge of endo- 
trophic mycorrhiza and of its biological significance. His discoveries were 
not only of great theoretical interest but are of some potential value to 
Orchid growers. 

It had long been known to horticulturists that the seeds of Orchids— 
especially of certain genera, e. g. Odontoglossum and Vanda — are extremely 
difficult to germinate. 

Working with a number of Orchid spccie.s, Bernard found that it was 
impossible to germinate seeds removed under aseptic conditions from steri- 
lized capsules. Some degree of development usually took place, but except 
in rare cases— e. g. Blctilla hyaeinihina—K'az embryo did not reach an 
advanced .stage. In no case, in his cultures, did development of the 
seedling reach the stage of root formation, unless injection from the 
substratum took place. 

The next step in the inve,stigation was the isolation of the mycorrhiza! 
Fungus ; seed cultures were inoculated from a pure culture of the Fungus so 
obtained, and normal Orchid .seedlings were raised successfully by this means. 

Various transition .stages with regard to th.e degree of dependence 
of the plant upon the Fungus were ob.scrvcd bx' Bernard. 

In BUlilld hyacinlltiiia, a relatively unspecialized type, uninfected seeds 
germinate and the seedlings form several leaves, i. e. the plantlet reaches 
a comparatively advanced stage, but is unable to develop roots without 
infection. In other Orchids, development of the embryo is arrested at 
a much earlier stage. 

According to Bernard, the degree of specificity bctxvcen plant and Fungus 
is variable ; thus, using sixecies of CallUya and Cypripedium, he found that the 
Fungus isolated from a species of the one genus could be used successfully for 
inoculation of the other, but in the case of seeds of species of Phalaenopsis 
and Odontoglossum, xvhich under normal conditions arc difficult to germi- 
nate, the h'ungus was found to be specific to the plant. It was determined 
further that Orchid species differ in respect of their abilitx' to resist invasion 
by the mycorrhizal Fungus Irom another spccie.s. Thus, in tlie case of 
a species of P/ialaenopsis, infection by the Fungus of Catthya sp. killed 
the seeds outright — the plant cells made no attempt to resist the attack ; in 
another species, infection took pUcc, folloxved by digestion of the Vungus by 
the cells of the embryo and subsequent arrest of development. 

In the Orchids. Ihcicrore, the .^ymbiotic relation betxvccn plant and 
micro-organism is an obligate one, and has resulted in a liigh degree of 
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dependence on the part of the former. The Fungus has been isolated, 
grown in pure culture outside the plant, and used with success for the 
reinoculation of sterile seeds ( 17 ). 

A theory of tuberization, as a general consequence of infection by 
mycelium, was elaborated by Bernard as a result of his earlier researches (IH). 

In 1909 Burgeff published a monograph on the root Fungi of the 
Orchids, recording researches in the course of which he repeated the experi- 
ments and confirmed the results of Bernard, and made further contributions 
to our knowledge of the metabolism and physiology of the endophytes (I'J), 

The conclusions of Burgeff differ somewhat from those of Bernard with 
respect to the degree of degeneration shown by the Fungus when grown 
outside the plant, as tested by subsequent inoculation. 

According to the latter author, the longer the Fungus is grown a.s 
an independent organism outside the plant, the more markedly does it lose 
its power of causing germination and inducing root formation. Burgeff, on 
the contrary, claims that one of his Fungi, after growing for twenty-six 
months on artificial media, had the same capacity for effecting germination 
as when first isolated from the plant. 

For purposes of comparison with the more .specialized types, Gallaud 
( 20 ) investigated a large number of Phanerogams, the roots of which contain 
an endophytic mycelium, but in which the relations between plant and 
hyphae are apparently more simple and unspecialized than in the case 
of the Orchids. 

The researches of Gallaud appear to be of .special importance in regard 
to the evolution of the more specialized types of root symbiosis, and .some 
of the facts are discussed from this point of view in a subsequent part 
of this paper (p. 137). 

It is of interest to note that, when selecting endotrophic types for 
examination, Gallaud rejected the members of Ericaceae for the purpose, as 
possessing a mycorrhiza more nearly related to the ectotrophic forms. 

So far from this being the case, I hojie to demonstrate in the following 
pages that the conditions existing in tiilliiiiii lul^aris (and probably 
common to all ericaceous species) connote a wider distribution of the endo- 
phyte in the tissues than has been recorded hitherto for any mycorrhizal 
Fungus, involving in some respects the most highly specialized relation 
between the two sj’mbionts that has been yet described for a flowering 
plant and a Fungus. 

The Fungi concerned in Endophytic Mycorrhiza. Historical. 

Up Jp the present, the Orchids have provided the only case in which 
absolute proof of the identity of the endophytic Fungus has been established 
by the successful inoculation of sterile seeds or seedlings from a pure 
culture (p. Toi), 
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With this exception, in spite of the large and constantly increasing 
number of plants which are known to possess an endotrophic Fungus in the 
root tissues, nothing is known with certainty of the systematic position 
of the Fungi concerned. 

Many workers have endeavoured to isolate the Fungus concerned 
in endotrophic mycorrhiza, and the history of these efforts is not without 
interest. 

The task of isolating the Fungus from pieces of Orchid root was essayed 
by Wahrlich (1886) ( 21 ), Chodat and Lendner (1898) ( 22 ), and Bernard 
1 1903) ( 23 ), and in all three cases resulted in the extraction of a species of 
Fusarinm, which was believed for a time to be the true endophyte. 

Gallaud (1905) (~^)^ in a series of researches extending over several 
) cars, worked on thirty-five .species of flowering plants of widely separated 
affinities. From the roots of thirty of these he isolated with great 
regularity a species of Fusanum, which he obtained also but with lather 
less regularity from the roots of four of the remaining species. 

His cultures showed that, in addition to Fusarium, a number of other 
Fungi were constantly present on washed roots ; among the more 
common genera were Mcrtierella, Trachoderma. Gp/talospcnitum. and GHo- 
daditnn, with which are constantly associated species of Alternaria. Aero- 
sttdagmus, &c. 

Inoculation e.xperiments showed that Fusarium and the other species 
named were not the true endophytes, and established the fact that the 
specie.s obtained in this way are constituents of the mycelial flora habitually 
associated with roots growing in ordinary soils. 

Gallaud concluded that it was impossible to extract the endophyte 
directly from the roots, and believed the difficulty to arise in some degree 
from the alteration or partial digestion undergone by the Fungus in the cells 
of the plant, and its subsequent inability to grow out of the cells. 

Bernard, in 1903 and succeeding years, isolated fungal species from 
the roots of various Orchids ; using a pure culture of the appropriate 
Fungus, and sterile seeds removed from unopened capsules with aseptic 
precautions, he was able — for the first time — to effect the synthesis of 
Orchid plant and Fungus, and thus to induce successful germination of the 
former. He referred thc.se Fungi provisionally to the genus ftw/eivt ( 241 . 

In the course of subsequent researches (1905, 19061 ( 25 ) Rhizoctonia 
ivas suggested as the nearest generic ally among free-living Fungi for 
species i.solatcd from PhaUu uopsis, Odoutuglossnm, and Cattliya. 

BurgeflT holds that the endophytic Fungi of the Orchids are to be 
regarded as forming a group morphologically and physioiogicalW distinct, 
for which he suggests the generic name of Orc/tiouiyirs, leaving the 
correct systematic position of the genus an open question ( 14 ). 

1 ernetz ( 26 ), working at the root Fungi of Fricaceae, isolated pycnidia- 
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producing Fungi from the roots of various ericaceous species (of which 
Calluna vulgaris appears to have been one) and referred them to the 
genus Phoma. Complete proof of the identity of these Fungi with the 
species endophytic in roots of the respective plant-species was unfortunately 
not possible, since sterile seedlings were not obtained. Incidentally, this 
author recognized the possibility of seed-coat infection in I'.ricaceae, but did 
not investigate it further. 

It was claimed that five of these species of Phoma in pure culture fixed 
nitrogen from the air, although in very different degrees ; in no case was 
combined nitrogen found necessary for their development. Appreciable 
nitrogen fixation from the air has been claimed also by this author for 
Aspergillus niger and for Pcnicillium glattcum, and this result was corrobo- 
rated by Froelich ('rf) in 1907 for the same species. On the other hand, 
a negative result is reported for the same and additional species by VVino- 
gradski (28), Koch (29), Czapek (30), &c., and more recently by Goddard 
for a large number of soil Fungi (31). 

The fixation of free nitrogen from the air has been claimed also for the 
endotrophic Fungus oi Podocarpus (3-.'), and is suggested, but not established, 
for the Fungus which infests the seed and vegetative parts of LoHum 
temulentum (33). There is no evidence for fixation of atmospheiic nitrogen 
by the Fungi concerned in the root mycorrhiza of Orchids, and attempts 
to cultivate them on nitrogen-free substrata have not been succc.-sful (19). 

The whole question of the possibility of fix.ition of free nitrogen by 
Fungi growing on nitrogen-free media, as determined by direct estimation 01 
the combined nitrogen present at the end of the experiment, is still in an 
unsatisfactory condition, and. in spite of the positive result.s claimed 
by a number of observers, the balance of evidence appears to be on the 
negative rather than on the positive side. 

The sources of error are olivirms. The possibility of working with 
impure cultures, the difficulty of obtaining a substratum free from traces of 
nitrogen, and the small quantities of nitrogen fixation reported by most 
observers who claim a positive result, together with the comparatively 
large margin of experimental error, demand greater uniformity of resiiit 
before ability to fix free nitrogen can be claimed as a general property 
of Fungi in the same or even in less degree than has been finally established 
and placed on a sure scientific basis for a number of Bacteria. 

The Present Inve.stigation. 

The purpose of the investigation described in the following pages is 
as follows ; 

I. To confirm and extend the conclusions already reached with respect 
to the inability of Calluna seedlings to form roots unless infected at an early 
stage by a specific Fungus identical with that prc.scnt in the cells of the root, 
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and to demonstrate infection of the seeds by this h'ungus while still enclosed 
in the fruit (p. 9H). 

2. To investigate the possibility of replacing the stimulus resulting 
from fungal infection of the seedling by small amounts of various organic 
substances supplied to sterile seedlings fgrown under aseptic conditions), in 
addition to the requisite mineral salts. 

3. To determine the source of infection of the ovary tissues (p. 98). 

4. To isolate the inycorrhizal Fungus and establish its identity by 
successful inoculation of sterile seedling.s. 

j. To investigate the life-history of the Fungus when grown in pure 
culture as an independent organism outside the plant. 

I. Dependence of root formation on infection. The conclusions already 
reached with regard to inability of sterile seedlings to form a root-system 
have been confirmed. 

If due precaution.s are observed, seeds can be sterilized without injury 
to the embryo by washing in i per cent, corrosive sublimate solution. Com- 
plete sterilization is not easy to effect, and the margin of safety is a narrow 
one, owing no doubt to the delicacy of the testa and the fact that infection 
of the cells of the seed-coat is more extensive and deep-seated than is the 
case with air-infected seeds. 

If seeds were left a few seconds too long in the sterilizing solution, 
the embrj'o was killed outright, germination was delayed, or the seedlings 
which germinated showed complete chloro-si-s. 

After sterilization by this method and repeated washings in distilled 
water, seeds were sown by means of a sterile pipette on agar plates, and 
kept under dust-free condition.s in a closed germinator. 

The agar medium on wliich they were .sown contained dextrose and 
peptone in addition to mineral salts, iti order to facilitate the growth of 
micro-organisms if present. By this means a number of plates of seed- 
lings were obtained which remained entirely free from infection by micro- 
organisms. 

As an additional test of sterility, seedlings were transferred singly 
to tubc.s of gluCo.se broth and other medi.i, and kept under ob.-ervation for 
three weeks. All the tubes remained sterile. 

The evidence is conclusive therefore that the embryo and endosperm 01 
Calluna seeds are free from infection, and that, by adequate sterilization, 
seedlings can be obtained free from infection by micro-organism.s. Sterile 
seedlings obtained in this way were planted out in sand and in agar, 
in a series of cultures extending over several years. 

The tubes originally used for .sterile sand cultures are described 
and figured clscwhcie ( 3 ). 

In order to eliminate imperfect aeration as a possible factor in the non- 
production of roots, a special apparatus was de.signcd for use in subsequent 
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cultures, which allowed air to be drawn through the sand in the tubes 
periodically (Text-fig. l). 

These tubes proved satisfactory and remained sterile for several 
months, but gave no better results than the non-aerated sand cultures. In 
no case was a root-system developed. Sterile 



Tcxr-FlG. 1. Apparatus lor 
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seedlings from these sand cultures resembled 
those from agar cultures (Text-fig. j). 

Unsterilized controls cultivated for several 
months in these tubes grew slowly but de- 
veloped a normal root-system (PI. VI, 
Fig. 10). 

For agar cultures, sterile seedlings were 
transferred to tubes containing a solution pre- 
viously used with success for water cultures,- 
made up with o-is per cent. agar. These 
cultures have an advantage over those grown 
in sand in that infection of the medium by 
micro-organisms is at once evident. Such 
tubes have been maintained in a sterile con- 
dition for ten months. 

The seedlings usually formed a few leave.s, 
chlorotic or reddish in colour, but did not 
develop roots, although they remained in a 
turgid condition and apparently alive for five 
to six months (Te.xt-fig. 2). 

The cultivation of unsterilized controls in 
agar presents some difficulty owing to the 
vigorous development of the epiphytic micro- 
flora associated with the roots. Otherwise the 
growth of such seedlings is normal, and com- 
parable with that of those grown in soil, 
e. g. the shoot-system of such a seedling had 
reached a height of "J cm. four months alter 
planting. 


r The water-culture solution kuown for the sake of biesity as Solution A was one in which 
urislctilired seedlings grow vigorously i, 3 , p. <k>, . It formed the basis of all media used in expen- 
mental cultures. The composition is as follows : 

Potassium nitrate (KNOg) l-ojjim. 

Magnesium sulphate 0-4 grm. 

Calcium sulphate (CaSO, ...... . 0-5 grm. 

Calcium raorophosphate (CaII,P^O.,) . . • . • O'fi grni. 

Sodium chloride t^NaClj o-j grm. 

Ferric chloride Trace. 

Water i,cK>o c.c. 


(Acidity: O’oii normal.' 
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That the inability to form roots, shown by the sterile seedlings, is 
not clue either to lack of water or to lack of aeration in the substratum, but 
to absence of infection by the mycorrhizal Fungus, has been fully demon- 
strated by subsequent cultures (p. 120). 

2. Effect of organic nutrient on nuinfcctcd seedlings. Uninfected 
seedlings germinated on blotting-paper or agar, and supplied with distilled 
water or with an appropriate solution of mineral salts, do not form roots, and 
show yellowing or discoloration of the leaves at an early stage. 

Seedlings infected normally with the Fungus germinated under similar 
conditions, and supplied with distilled water only, form a well-developed 
root-system and several leaves (Text-fig. 3p 

The failure to form roots, therefore, in the absence of infection, is 
not due to lack of inorganic food material, since the only differentiating 
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TtxT-MG. s- ScUIiiig from germi- 
nator, infected noim.vIl\. Five months 
alter sowing; about four months after 
girmination (cf. Tevt-bg. r . Camera 
iucida drawing. 


feature in the two cultures at germination consists in the presence or 
absence of the Fungus in the iksnes of the rcopcctive seedlings. 

.Since also ,t mtcelitim is ilevciopcd without a .supply of food 
material from external sources, beyond the traces of inipuril)- present, 
it .seems clear that, at this stage and under the condition’s deseribed, 
the micro-organism inu.sl obtain the greater part of its food material 
fmm the seedlings, the only other source of supply being the air. 

As the latter show no sign of injury, and the leaves remain green, one 
■s tempted to suggest that the Fungus posse.sse.s, in some degree, tire power 
"f nitrogen fixation. 

The remarkable vitality shown by seedlings kept for long .periods 
'll blotting-paper moistened with tap-water may possibly have some 
significance as indirect evidence in support of the same view. 

.Such seedlings form a well-developed root-system and several leaves. 
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which retain their green colour for several months ; e. g. a large proportion 
of them were alive and green at the end oi five months. The staivation 
symptoms — arrest of roots, yellowing of leaves, &c., characteristic of sterile 
seedlings shortly after germination — are absent (Text-fig. 3). 

It was thought possible, therefore, that the failure to form roots 
by uninfected seedlings might be correlated with some disturbance of 
nitrogen metabolism in the plant, assuming interchange of nitrogenous 
material from Fungus to plant to be a feature of the symbiosis under normal 
conditions. 

Although without direct evidence to support this hypothesis, it seemed 
desirable to ascertain whether a supply of organic nitrogen rvould induce 
root formation, or postpone the appearance of starvation symptoms in 
uninfected seedlings. To test this possibility, two parallel series of sterile 
sand and agar cultures were carried on during several montli.s. 

The solutions u.sed for tvatering the sand cultures were as follows ; 

Series a. Solution A; o-i per cent, dextrose; o-l per cent. Witte’s 
peptone. 

Series d. Solution A ; o-i per cent, saccharose ; O'O^z per cent 
asparagin. 

Series y. Solution A; o-t per cent, dextrose ; C'04 per cent, uric acid. 

Series 6. Solution A ; o-l per cent, saccharose ; 0-03 per cent, 
glycocol. 

In a parallel series of agar cultures, solutions of 0-3 per cent, total 
concentration of Solution A were used in each case, made up with the 
addition of o-ia per cent, powdered agar. 

Since the result of these cultures was in every case negative, the 
experiments are not recorded in detail. In each serie.s, tubes remained 
sterile for several month.s— as judged by absence of cloudiness in the 
media— e.g. agar tubes planted August 13, 1913. were .still sterile on 
April 30, 1914. 

The vitality of the seedlings on the different substrata varied. The 
only solution which appeared to be .actively injurious was that used in 
Series S to which glycocol had been added, the secdlirig.s planted in 
which showed rapid discoloration of the leaves, anri succumbed after 
a few weeks. 

The greatest vitality was shown in the agar cultures of Series a and 
Series y, more especially in the latter. In both cases the tubes were 
sterile and the seedling,s alive — although moribund — at the end of si-s 
months. 

Tb« seedlings supplied with uric acid (Seric.s y) showed signs of activity 
after planting, but the growth initiated in the early .stages was not maintained; 
the hj-pocotyl elongated, several leaves were formed, and in one case the 
plant produced a few small abortive rootlets. The medium in this tube 
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((,as free from bacterial or fungoid infection, and had not lost an appreciable 
amount of water. 

All these cultures were grown in a small cool greenhouse, under the 
same conditions as normal seedlings in soil, special precautions being taken 
to prevent excessive loss of water from the t ;bes. 

It may be inferred from these experiments that the stimulus to root 
development which follows entry of the Fungus into the tissues cannot 
be replaced by supplying the seedling with organic nitrogen in the forms 
mentioned. 



3 . The source of infection. Infection of the seedling root, shortly after 
.icrmination, has been described in an earlier paper (3, p. 68 ). 

The necessary observations can readily be made on seeds germinating 
on blotting-paper in closed dishes. Infection 
takes place by the outgrowth of delicate 
hyaline hyphae from the cells of the testa, 
simultaneously with — or shortly after — 
emergence of the seedling root. 

In the majority of seed cultures ob- 
served, infection has occurred with great 
regularity at this stage, and has been fol- 
lowed by the rapid development of a number 
of fine, transparent roots, arising adventi- 
tiously from the base of the hypocotyl. 

Certain irregularities have been observed 
nevertheless, of which at present no ex- 
planation can be given, 

In a few cultures, for instance, sown 
in the early winter, soon after collection of 

the seed, infection for some reason seemed to be inhibited or delayed. 
These seedlings remaineti in a rootle.ss condition in the seed dishes for 
weeks, and soon sliowcd marked browning and discoloration of the base of 
tlie hypocotyl (Text-fig. 4 ( ; removed to another dish and placed in contact 
with a normally infected seedling, they at once began to develop roots. 

In the paper already cited |3) it was stated that infection of the seed- 
coat takes place while the seeds arc still in the ovary, and is independent of 
the bacterial and fungal infection from the air. to which all seeds are liable 
alter they have been shed. 
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In order to determine the source of this infection, seeds were removed 
from unopened capsules for examination, and the unripe fruits containing 
seed investigated by mc.ins ot sections cut from fixed material, embedded 
in paraffin or celloidin. 

TTiick sections of material prepared in tliis way make clear the manner 
in which infection lakes place. 
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The ovary of Calluna is four-chambered, each loculus containing 
a number of anatropous ovules pendent from the massive placenta at the 
stylar end. 

When ripe, the ovary wall consists of several layers of strongly cuticii- 
larized cells, the outermost of which grows out to form a thick investment 
of unicellular hairs. 

In some sections it is easy to observe mycelium in the fruit chambers, 
and about the enclosed seeds. Delicate branched hyphae are present in 
the cells of the wall, in the tissue of the central column, and in the funiclcs 
of the seeds. Branches from this mycelium grow across from the cells 
of the ovary wall to those of the secd-coat, and extend from one seed to 
another. 

The hyphae are septate, colourless, and so transparent in fixed 
material as to be visible with difficulty in balsam preparations unless 
stained. 

A microphotograph of a longitudinal section of such an unopened fruit 
is reproduced in PI. VI, Fig. i a, and on this scale it is just possible to sec 
the traversing hyphae. Parts of the same section, enlarged to show the 
details of infection, are .shown in Fig. i b. 

The degree of infection apparent in .seeds removed from unopened 
capsules is very variable. In some, a few hyphae project from the cells of 
the seed-coat ; in others, mycelium is difficult to find, and can only be 
satisfactorily seen after the .seeds have been specially treated ; in others, 
hyphae are abundant all over the .-ccd-coat. 

More especially is it difficult, as a rule, to observe hyphae on the testa 
of the resting seed, this difficulty of observation being due in part to the 
structure of the secd-coat. The Latter is compo.scd of a few cuticularizcd 
walls and an external layer of large cells which, during the final .stage.s of 
development, break down, leaving at last only their ‘ foundations ' (consi-sting 
of the inner walls and the proximal parts of the Literal walls) to form the 
regularly sculptured covering of the seed. The prc.scnce of the folded 
membranes of these cells, and of the remain.s uf their contents, increases the 
difficulty of observing fine hyphae on the surface, after the seeds have 
become dry. 

According to Church, the seeds of Calluna arc not shed until the 
following spring. -The fruits ripen in late autumn (November), and the 
seeds are .shed in the succeeding .spring, when the capsules open under 
desiccation ’ (34). 

Hie behaviour of fruits in thi.s respect doubtless earics with the 
locality «and the season, but the observation docs not appear to be of 
general application, since some difficulty has been experienced in finding 
unopened capsules after the middle of November. 

This, although a minor point, is worth recording, because it .seems not 
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impossible that such differences may be related with inconsistencies with 
regard to infection, which, as mentioned above, are sometimes observed in 
germinating seeds. Further, since fungal infection determines the develop- 
ment of the seedlings, it may also be correlated with observed irregularities 
in the di.stribution of the plant, and with the rate at which heather can become 
re-established on a given area by means of seed. 

The Origin of Ovariai. Infection. 

The question at once arises— whence come the hyphae which infect the 
interior of an unopened fruit ? 

Two possibilities evidently exist : 

1. Local infection of the ovary or young fruit, from air borne spores 
which reach the stigma independently, or with the pollen. 

2 . Infection from the root upward.s, involving a distribution of the 
mycorrhizal Fungus throughout the plant. 

The latter hypothesis has proved to be the correct one. and the facts 
now adduced in support of it involve the existence of a delicately balanced 
symbiosis of a kind not hitherto observed in any mycorrhizal plant. 

The facts to be dc.scribcd may be summarized in advance : 

1. When infection by the Fungus takes place at, or soon after germina- 
tion, all parts of the seedling— root, hypocotyl, and cotyledons— are invaded 
by fungal hyphae. 

2 . In older seedlings, and in the mature plant, mycelium of the same 
Fungus occurs in all parts of the sub-aerial organs, in intimate relation with 
the tissues of the plant, and of the .■^ame nature throughout. Infection of the 
leaves is characteristic, and suggests a very delicate adjustment of the relations 
between leaf-cells and Fungus. 

Infection of the ovarj’ and other parts of the flower is, therefore, only 
a sitccial case of a condition common to all the vegetative parts. 

The obscrv.ations on which these facts are based will be stated as brieflv 
.15 is consi.stent with clearness, rather than in the form of a detailed cytologic.il 
study. 


Methods. 

fixatiou. A number of fixatives were tried with varying .success, 
c. g. absolute-acctic, picric-formol, and chromo-acctic solutions of various 
stiengths. The best results were obtained by the use of Carnoy's fluid, 
which has been u.sed for the greater part of the work. 

The use of a mixture of lactic acid and phenol as a clearing and 
mounting agent for whole roots, fee., has been found of great service, and i.s 
invaluable for the recognition of mycelium in fresh or unstained tissues. 
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For microtome work, material was embedded in paraffin, and the 
sections stained on the slide by one of the methods mentioned below For 
sectioning ripe fruits enclosing seeds, material was also embedded m cellouhn 
to avoid displacement of the seeds after removal of the paraffin. 

Staimng methods. The method found most generally useful for the 
differentiation of mveelium in the tissues was a concentrated solution of 
cotton blue (Baumwollblau 4 B) in lactic acid. Sections stained for some 
hours (8-24) in this solution can be differentiated in lactic acid, and examined 
in this reagent or in glycerine, or they may be dehydrated and mounted in 
balsam. By the use of whole roots, very sati.-factory preparations of the 
Fungus in the root-cells can be obtained in this way. 

'’ihe method can also be u.sed for microtome sections if precautions are 
taken to prevent the sections floating off the slide. 

The orseillin-aniline-blue method (Strasbmger) for differentiating myce- 
lium. and various modifications of it, were aiso used ; .■'atisfactory preparations 
of the leaves and shoot were obt.aincd by this means, and likewise by 
use of iron-alum haematoxylin (Bendal, and other stains in common 
laboratory use. 

For rapid identification of mycelium in the tissues, slow maceration in 
sulphuric acid is useful, as is also treatment by amnioniaca! cupric hydrate 
and chloral hydrate. 

A. The Seedling. 

Infection of the seedling tissues by the Fungus can be readily followed 
in material germinated on blotting-paper, fixed in Carnoy s fluid, stained 
and differentiated in 'cotton blue' in lactic acid, and mounted for 
examination in either pure lactic acid or a mixture of lactic acid and 
phenol. 

Infection may begin at tlic tip of the root, by hyphae forcing their wa\' 
between the cells of the apex; more usually it takes place simultaneously 
at several point.s. and the mycelium immediately becomes intracellular in 
distribution. 

The hyphae penetrate cell membranes with case ; there is no trace of 
swelling at the point of entrance, and they ramify in the external tissues cl 
the root as if cell-walls offered no obstruction to their growth. Infection 
spread.s rapidly fiom cell to cell ; some hyphal laranchcs grow out and infect 
fresh rootlets as they develop ; others form a tangled skein of fine liyphac in 
the superficial cells. 

In these early stages, the mycelium is homogeneous tlirougliout, rand 
consists^! a system of delicate coloiirlc.ss thre.ads wliich stain deeply "itl' 
‘cotton blue’, both within and without the cells of the root. 

The tissues of the young root, like those of healthy seedling.s growing 
in soil, are quite colourle.s.s. In the absence of infection, arrest of grow th 
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occurs, and this is invariably accompanied by browning and discoloration 
of the cell contents. Subsequent to infection, rapid elongation of the roots 
lakes place. 

In stained and cleared preparations of the young seedling, it may be 
fiiitlier observed that infection is not confined to the rootlet, but that 
penetration of the ti.ssucs of the hypocotyl and cotyledons by hyphae 
likewise occurs and it is often possible todetermine that the same mycelium 
is continuous from root to hypoct.tyl. 

In the sub-aerial parts the- mycelium does not develop so extensively 
on the surface of the plant, nor do the h)-phac become massed in the super- 
ficial cells as in the roots. They are irregularly distributed in the tissuc.s, 
penetrating the cell-membranes with the same apparent case as in the root. 
Hyphae not infrequently grow out to the exterior, and since this may also 
be observed in seedlings germinated in soil, the tendency to extend outside 
the plant cannot be entirely due to growth in saturated air. 

It is suggested that this frequent outgrowth of hyphae to the outside 
of the sub-aerial parts of the plant is significant in connexion with the 
problem of nitrogen fixation by the l-'ungus (p. 107). [.Sec also Hiltncr ( 33 ).] 

In vertical section, the cotyledons, in contradistinction to the later 
leaves, show typical dorsivcntral structure of the assimilating tis.sue ; the 
racsophyll shows marked diffcrcnti.ation into palisade and spongy paren- 
chyma ; stomata arc present on the lower surface, the guard-cells being 
slightly above the general level of the other epidermal cells. 

In young seed-leaves progressive degeneration of cells of the meso- 
phyll, such as is recorded in the mature leaf, is not apparent (p. 117), 
nor is there an accumulation of crystals or cry.stal-aggregates of calcium 
oxalate. 

fiyphae, though not .abundant, can be identified in the tissues of the 
cotyledon under high magnifications. They arc often extremely attenuated, 
-how a preference for the intercellular spaces, but undoubtedly invade colls 
o| the mc.sophyll. some of which become filled with a tangled mass of 
hyphae (PI. VI, Fig. 2). 


li. the Molure Riant. 

Material tor examination of the mature tissues was collected from 
nniiiy soiirees, and from wild and cultivated plants. In all cases tile con- 
cliiion observed was sub^t.lntially the same, and in no case— so far as my 
"I'seivalioiis go— arc the green parts of the plant free from mycelium. 

the Rivt. The distribution and general .appearance of the illyeelium 
SI the cells of the root of cric.iccous plants were described many- years ago 
hy I raiik for Antiromeda pchfoUa ( 3 .)), and more recently by- Coville for 
1 •rdmniii it^ryiiilwsinn My- observations on the younger p.arts of 
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the mature roots of Calhmn agree with these records, and need only be 
briefly described. 

The outside of the young root consi.sts of a single layer of rather large 
cells \ the cortical tissues are much reduced in extent, and there is a slender 
central vascular strand. Root-hairs are absent, but a papillate outgrowth 
of cells may occur in the radicles of young .seedlings. 

The surface of the root is traversed by a netvrork of hj aline, septate 
hyphae, brownish yellow in colour, and irregularly branched. 

These hyphae are closely applied to the outer cell-walls and frequently 
grow between the cells, forcing them ap.art ; they usually penetrate near 
the corners, where a cluster of branches is formed, some of which pierce the 
cell-wall. Within the cells they develop several stout coils, from which, 
at intervals, crowded clusters of short thick branchlets are given off, com- 
pletely filling the cell (PI. VI, Fig. ii). Almost every cell of the younger 
part of the root is infected in this way, and in surface view such cells 
present an appearance as if filled witli dense coils of closely interwoven 
hyphae. 

In addition to this characteristic infection, a system of finer hyphae is 
present, the branches of which are often cspeci.ally abundant around the 
root-tip, penetrating cells in the same way, and forming coiled mas.ses 
within them. 

With the exception of the characteristic ' clusters ’ in root-cells described 
above, the mycelium loithin the plant tissues is distinguished from the same 
mycelium outside only by the smaller diameter of the hyphae composing 
it, the two systcni-s of hyphae being continuou.s. Outside the cells, the 
mycelium .sometimes e.xhibits the structure shown in PI. VI. Fig. 3. The 
hj'phae figured are very transparent, of rather large diameter, and sho» 
characteristic swellings at intervals. This photograph may be compared 
with PI. VI, Fig. 4, which shows hyphae, identical in structure, from a pure 
culture of the Fungus extracted from the ovary, growing on Ciillniia-cWXiA 
gelatine (p. 129). 

These swellings have not lx:cn ob.scrvcd on tlic hyphae of the inter- 01 
intracellular mycelium. They do not seem to correspond to the 'vesicles’ 
of Gallaud and other observers, but arc appai cully formed by the vegetative 
hyphae when growing saprophytically. cither in proximity to the root, 01 
on certain artificial media. 

Ike Shoot, llistorionl. The members of Erie, iccac possess anatomical 
peculiarities— especially with regard to leaf structure —which have led to 
repeated investigation by plant anatomists. 

In particular, the cricoid leaf has attracted attention as a characteri.stio 
xerophytic type, and the variations of structure shown by the leaves of the 
.several members of the group have been recorded in great detail, and used 
as a basis for cla.ssification. 
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A summary of the chief features of general anatomical interest in 
various genera has been given by Soiereder (37). 

The details of leaf structure in the members of the .sub-order Ericoideae 
have been the subject of a monograph by Ljungstrdm (38), who used his 
observations as a basis for subdivision of the group into four classes, each 
distinguished by characteristic leaf structure ; in the fourth of these classes 
he places Calluna together with Erica dianthifolia. 

The Vaccinioideae, Arbutoideae, and Rhododendroideae have also been 
monographed from this point of view by other observers (39, 40). 

Contributions to the comparative anatomy of the members of the order 
have been made also by Simon (41). 

These observers have drawn attention to various features of interest in 
the anatomy of the ieaf; the characteristic shape, with corresponding 
anomalies in the distribution of the assimilating tissues; the complicated 
structure of the cell-walls and cuticle; the distribution and structure of 
many different types of covering and secretory hairs ; and the presence 
of accumulations of calcium oxalate in the tissues of the stem and leaf, 
cither as single cr)’stals or crystal-aggregates. 

There is no record in these papers of any observations dealing with 
a regular infection of the tissues of the shoot by fungal hyphae, such 
ns is about to be described. 

in view of the very full accounts given in the papers cited above, 
a brief summary of the anatomy of the leaf will suffice. 

The various spcc:es of hrica and its allies have often been described as 
possessing ' rolled leaves a misleading title since the characteristic hollow- 
ing of the under side docs not arise by a rolling back of the upper side of the 
leaf, but is developed secondarily as a groove or furrow (or several such) on 
the lower side. 

The leaves ol L alluna arc decussate in arrangement, of small size, and 
if the familiar cricoid type. The mature leaf is almost quadrangular in 
■lection, the sides tapering gradually to the abaxial surface, of which most 
111 the width is occupied by a single conspicuous groove, the walls of which 
are bc-et with hairs. 

Ihcadaxial side of the leaf is adpressed to the stem, and owing to this, 
and to the shape of the leaf, the flanks receive most illumin.ation ; correlated 
with which the bulk of the chlorophyllous tissue is found beneath the 
epidermis in this region. 

Stomata are present on both sides of the leaf. 

The assimilating tissue in the mature leaf has lost all trace of the dorsi- 
'ciitrality found in the cotyledon, and the arrangement of the assiaiilating 
li5,Mic-a.s in other ericoid types— is closely correlated with the shape and 
po.sition of the leaf, and its consequent illumination, 

Chlorophyllous tis.sue is practically absent from the upper side of the 
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leaf ; the upper epidermis roofs over an almost continuous air-space, 
traversed only by the branches of the central vascular strand and the tissues 
which surround it (PI. VI, Fig. ,5). 

In median longitudinal sections parallel to the upper and lower 
surfaces, the relations of the large air-spaces to the vascular strands and to 
the assimilating tissue below the epidermis of the lateral face of the leaf arc 
made clear. A few layers of assimilating cells on cither aide pass internally 
into spongy luesophyll, consisting of strands of gi'ccn cells, which bridge 
over at intervals the space between the assimilating tissue and the paren- 
chyma surrounding the bundles. 

Towards the base of the young leaf there is a continuous tissue of 
thin-walled cells. In the mature leaf this region is filled with the remains 
of these cells intermingled with a dense accumulation of crystni-aggregatf ,s 
of calcium o.'talate. 

All stages of degeneration arc to be observed in these cells and in those 
forming the trabeculae. Kmpty cells may be seen, each filled by a single 
large crystal -aggregate, or groups of such crj'stals lie fice in the .“pace, 
entangled among the walls of llic cells which originally contained them, 
I'he ccll.s are represented often only by a framework of walls, though somc- 
tinie.s traces of the cell-contents are recognizable (PI. VI, Fig. 6). 

The presence and distribution of the fungal hyphac in these ti.ssuc.s « ill 
now' be described. 

Tub DtsTRiBUTiox f>K tub Ff.xci'.s. 

Longitudinal sections through the young shoots provide abundant 
evidence of the prevalence, on the outside of the stem and leaves, of a nct- 
tvork of fine hyphae, ramifying among the liairs or clo.sely applied to tlic 
cuticle of the epidermal walls. These hyphac arc often e.xccssively fine ami 
are easily overlooked in unstained preparations. 

In fairly thick hand-sections or in .serial .sections of the shoot, it maybe 
determined that this c.xternal mycelium is part of a .-•ystem wliich pci vadis 
the tissues of the stem and leavc.s, Ilyphae [Kvnetratiug the epidermal 
cells can be traced into the deeper lying tissues of the leaf and into cl sc 
contact with ccll,s of the mc.s,..pliyll. 

Ihc microphotograiih ]inxlucei! in IM. VI, Fig. ; shows .l l.itiglc of 
hyphac between the leaves of a young shoot, branches from whicli ircrietratc 
tlie tis.sucs of the leavers cm either side. 

I he hyphac show no prelcreiico for special perints of ( utrance 
egress, rhc}' penetrate with ciju.al case the culicttlarizcd cells of tiu: 
epidcinu.s or the base of a hair, and ma\' be occasionally seen cmciging 
from the l.argc hair which terminates the leaf ape.x. 

In -section.s which have been specially' treated .and st.ained, it is po.^.siblc 
to follow the ramifications of these fine hy'phae across the air-spaecs 
and into the cells of the mc.sophyll. They' arc often of c.xtrcinc tenuity. 
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■ind ill the absence of the mass of cumulative evidence available doubt 
might arise as to their true nature. 

'riie staining reactions of the hy[)hae in contact with the mc.sopli)-!! 
cells become affected and the appearance of many of these cells is consistent 
« ith an active disintegration and digestion of the invading mycelium. 

The difficulty of finding active mycelium in the leaf seems to be 
line chiefly to the fact that in the unaltered condition it is present in 
the intercellular .spaces only, the,se being relatively of such large extent that 
ilie contained hy|)hae are usually torn out or displaced in sections. 

It is possible, however, to obtain preparations which piovidc conclusive 
evidence of the presence of functional hyphac in the leaf tissues and of their 
invasion of inesophyll cells. 

Ill the chlorophyllous ccll.s, progressive stages of dcgcncr.ition ina)’ be 
ub.scrved fragments of mycelium, irregular in outline but still stainable, 
can be found in close contact with, and penctiating such cells : many of 
them obvioutily contain liyphae in various stages of degeneration while the 
same process of disintegration is affecting the cells tltcmsclvcs. 

I’lasmolysis in various degrees, alteration of staining propcrtic.s, 
degeneration of the chloroplasts, and finally of the whole contents of the 
cell, mark progressive stages in the process. By .suit.ible staining methods, 
strands of very attenuated mycelium can be differentiated, bridging across 
the .spaces, sending branches to the cells, and demonstrably continuous 
in places with those on the outside of the leaf (IM. \'r. Fig, i:). 

Calcium o.xalate is present in remarkable abundance in the leavc.s 
in the form of large cryst:il-aggrcg.atcs. 

The crystals accumulate chiefly in the mc.sophyll tissue toward.s 
the base of the leaf, and arc conspicuous macroscopically in small pieces of 
shoot, cleared in cedar-wood oil. 

In leaf sections, the crystals are most abundant in the cells of the 
■Spongy mcsopliyll in the lower half of the leaf ; single aggregates are 
prc.sont in the empty ccll.s of the trabecular tissue, completely filling them, 
and occur also in groups intermingled with the cells and cell-remains in the 
central part of the basal region of the leaf (I’l. VI, Fig, 61, 

Hyphac may be recognized in close conbact with the crystals; some- 
times free in the intercellular spaces ; more often in the form of strands or 
fragments of greeni.sh membrane mingled with the remains of the cell-walls 
il’i. VI, Fig. 15), 

A network of fine mycelium with looped masses of hvphae may often 
be found in the cells of this part of the inesophyll, and can be identified 
after treatment of the section with concentrated suliilniric acid. 

There is no doubt tliat the region of the leaf which contains most 
abundant evidence of the presence of mycelium is also the region in wliich 
the greatest accumulation of calcium oxalate occurs. 
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Whether this association of hyphae and crystals is accidental, or 
whether it is one of the links in a chain of events which connects the 
metabolism of the plant with that of the Fungus, remains an open ques- 
tion ; but the presence of such relatively enormous accumulations of 
a calcium salt in the tissues of a plant believed to be unusually intolerant of 
lime salts in the soil raises many points of interest. 

The oxalic acid may be produced by the plant cells or by the Fungus ; 
if by the former, it may be an indication of interference with normal 
cell metabolism, induced possibly by the increased demand upon the 
available oxygen supply. 

If the calcium absorbed by the plant from the soil, in the form of 
calcium salts, is constantly in requisition for the neutralization of o.xalic 
acid, the edaphic preferences of the plant for acid soils and those deficient 
in lime salts are puzzling. 

If, on the other hand, the calcium salt is derived immediately from the 
Fungus, it must be obtained either from the soil (which raises the same 
difficulty), or from some part of the pl.ant tissues, e, g. the middle lamella of 
the cell- walls. 

The establishment of the fact that the relation e.xisting betwctii 
the plant and the Fungus is an obligate one permits the problem of the 
origin of the calcifuge habit to be stated in a new form, and hence 
provides a fresh point of departure for c.xpcrimental research into this 
important phenomenon. 

Assuming that the Fungus forms and excretes oxalic acid— and 
possibly makes its primary attack upon the plant by this means— it 
may well be that the amount of calcium salts present in the plant at 
the moment of infection is a decisive factor in determinitig whether in- 
fection shall or shall not occur. 

If the amount is considerable, the plant will resist the attack of the 
Fungus, and, by its very resistance, cuts off all chance of growth on 
normal calcareous soils, the presence of the Fungus having become one 
of the first essentials to development on the part of the seedling. 

If, on the other hand, the plant cells arc deficient in lime salts, the 
excess of oxalic acid can act, directly or indiicctly, by preparing the 
way for the entrance of the parasite, symbiosis is established, and, -o 
long as equilibrium is maintained, the plant flourishes. 

This working model of the conditions underlying the origin of the 
‘lime-shy’ habit makes no claim to completeness, but, as already stated, it 
immediately suggests fresh methods by which to attack the problem 
experirflen tally. 

The excretion of calcium oxalate by Fungi growing in plant tissues or 
on artificial media is not uncommon (42), and an alteration of the calcium 
oxalate content of the ceils of the host has recently been noted as one of 
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Ihe indirect results of invasion of leaves by parasitic Fungi (43, 44). The 
discussion of hypotheses to account for the .storage of a calcium salt in the 
plant tissues may profitably be postponed until more data are available as to 
the nutritive preferences of the Fungus. 

The Stem. The presence of mycelium on the outside of the young 
stem and the penetration of branches from it into the underlying tissues 
have already been noted (p. 116). Evidence of the presence of mycelium 
may be found in most tissues of the stem, e. g. in the parenchyma of the 
cortex, and in that associated with the vascular tis.sucs ; the cells of the 
pith, also, probably contain hyphae in a vestigial condition. 

The tissues of the pith and of the cortex likewise contain quantities 
of calcium oxalate in the form of large crystals and crystal-aggregates. 
Untreated sections are often rendered absolutely 0 |)aquc by the presence in 
every cell of these crystals. In rare cases small fragments of hyphae which 
stain deeply with cotton blue or aniline blue can be identified in the neigh- 
bourhood of crystals: more frequently the hyphae are prc.scnt in an 
extremely attenuated condition, are very tran.sparcnt, refuse to take up 
the characteristic stains, and c.an only be identified with difficulty. 

The most .satisfactory method of obtaining conclusive proof of the 
presence of mycelium in such tissues is by slow maceration in sulphuric 
acid, or by prolonged treatment with clearing agents, .such as chloral 
hydrate, eau do Javelle, or potash, before staining. 

4 . The Isohilioii vf the Fungus. 

During the [last three ,vcar.s repeated and fruitless attempts have been 
made to isolate the mycorrhizal Fungus from the root-cells. 

The method first adopted was to remove clean transparent young roots 
from the outside of a ball of soil surrounding the roots of a pot plant, 
These roots wei e washed in fa.st-running water for twenty-four hours, rinsed 
lepeatedly in sterilized distilled water, after which small pieces were planted 
out on agar plates. (Direct sterilization of the surface of the root, by heat 
or momentary immersion in weak solutions of meicuric chloride, was 
found to be impracticable.) 

Using this method, a number of fungal species \\cre i.-,olated, none 
of which, however, sati.sficd the test of successful iniKulation into .--terilc 
seedlings. 

Among those constantly found were species of Qadosl'orium. Peni- 
(illiunt, Cttromyecs. Fusarium. and AUernetria. all of which are apparently 
constant or fairly constant mcmbcr.sof the epiphytic microfiora of the roots. 
A species of diuiosporium was invariably present in my cuhurc.s, and is 
always dominant if unstcrilized seedlings arc planted in agar. .. 

T he hanging-diup method of culture wa.s tried with the same lack 
of success. I’ieccs of washed root were transferred to hanging drops of 
sterile water, and to similar drop.s of various solutions, which it was 
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hoped might favour the growth of the endophyte, as compared with that 
of its more epiphytic competitors; neutral and slightly acid sugar solu 
tions, soil extracts, peat extract, Calluna extract, were all used for this 
purpose. 

In many of these drop cultures the endophyte was obviously active, 
but on transferring to plate cultures, the growth, if present, was alwajs 
masked by that of one or several of the Fungus species mentioned above. 

Attempts were also made, using .similar hanging-drop culturc.s, tu 
extract the Fungus from the seed-coal of the resting seed, and from secdlinirs 
soon after infection. 

In .several eases interesting rc.sults were obtained, throwing light on the 
formation of bacterial colonies on the roots of seedlings, a.s tlescribed in .in 
earlier paper (3), but the results were negative in so far as the isolation of 
the endophyte was concerned. 

'I'hc discovery of mycelium within the ovary, and of its distribution 
throughout the plant, provided a fresh starting-point. Unripe ca]).sules were 
sterilized by passing them through a flame, or by immersion in i per cent, 
mercuric chloride. The .seeds and internal tissues were then removed and 
transferred with aseptic precautions to agar plates. 

Colonies of a non-sporing Fungus developed on several of these jdatc.^. 
both from .seeds and from pieces of ovary ti.ssuc, and were subcultured on 
various media. The Fungus isolated in this way was used fur the inocula- 
tion of sterile seedlings. These sccdling.s, immediately after infection, 
developed a root-system and grew vi,gorously in a perfectly normal manner 
under aseptic conditions in closed tubes (PI, VI, Fig. 14). 

The agar medium in which they were planted was similar to that 
used previously, without success, for the cultivation of .sterile seedlings 
(p. 106). 

As in former cultures, uninfectcil controls remained rontle.'s, .and 
in other ways showed more or less complete inhibition of grrrwth (I’l. VI, 
Fig. 15, a and b). 

Demonstration of an obligate relation between the plant and the F ungus 
which besets its roots, and of the identity of this Fungus with that isolated 
from the ovary. Is therefore complete. 

Lninfcctcd secdling.s, grown under strictly a.scptic conditions, or 
subjected to casual infection by Fungi and Bacteria from the air, f.iil to 
form roots. 

Similar seedlings, infected with a F'ungus isolated from the ovary of the 
flower morphologically identical with that in the cells of the root, develop 
a root-system, and continue to grow normally under aseptic conditions, 
the rooting medium being alike in the two ca.ses (cf. I’l. VI, Figs. 14 
and ij). 

Only as an embryo in the resting seed docs the heather plant retain aii 
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indcpeiidciit cxislcnce ; from the moment of germination onwards it is 
a dual organism, the aitihcial synthesis of whicli has now been accomplished* 
The endosperm and embryo are the last strongholds of independence 
retained by the plant. 

It is interesting to speculate on the cour.se of the evolutionary path 
which has been tr.iversed, and to iiK|uire if this condition of dependence 
has been reached as the result of a long .series of capitulations on the part 
of the plant, each marking an extension of the area in which the Fungus is 
suffered as an endophyte in the tissues. 

When first extracted, the hungus makes a rather weak growth on 
artificial media, but becomes more vigorous when siibcnltured. 

These differences in vigour arc correl.itcd with corresponding differences 
in the case with which seedlings can Ire successfully inoculated. 

Thus, seedlings inoculated from a sub-culture growing on Calluna- 
ixtiaet gelatine immediately formed roots and continued to grow vigorously 
(I’l. VI, 1 " ig. 14)1 while seedlings of the same age, inoculated from a strongly- 
growing old culture on rice, formed root.s, but were at once partly or 
completely parasitized by the Fungus which became conspicuous externally 
on the leaves, or, in the case of weak seedlings, killed them outright before 
a root-system was formed (PI. V'f, Fig. 16). 

In the former c.asc the endojiliyto grew almost entirely below the 
-iirface of the rooting medium; in the latter it developed vigorously on 
the surface. 

I'lirthei ^vc.stigations arc in progress with regard to these differences 
of behaviour, ^vhich are evidently closely correlated with the nutritive 
conditions before and after infection. 

This was .strikingly apparent in the two cultures from which repre- 
sentative seedlings are figured on PI. VI, Figs, i;, iS, and of which 
the history was as follows. Sterile seedlings were planted out on filter- 
papci in sterile tubes, inoculated from the vigorous rice culture mentioned 
above and supplied with distilled water, with the result that roots were 
fojined in every' case, although some of the seedlings showed signs of being 
tuo strongly invaded (PI. VI, Fig. 1;). 

Seedlings similarly inoculated and planted out on paper, but supplied 
witha nutrient solution (Solution .A (p. ioti),o-i;,pcr cent, total concentration! 
instead of distilled water, were immediately att.ackcd by the Fungus and 
destroyed, the mycelium subsceiuently forming an extremely vigorous growth 
on the paper (PI. VI, Fig. 1 )f). 

The results of these isolation and inoculation experiments may be 
summarized as follows: 

1 A 1- imgus s|Xicies, showing kiciitical morphological chaiMCtcrs in each 
e.isc, has been isolated from the unopened fruit and from seeds removed 
ffom the unopened fruits of Calluna vulgaris. 
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2. Sterile seedlings, inoculated with this Fungus (from either source), 
subsequently produce normal root and shoot systems when grown in closed 
tubes, under aseptic conditions. 

3. Control seedlings remain rootless. 

4 . The ease with which plant and Fungus can be successfully synthesized 
depends upon the nutritive and other conditions under which the experiment 
is conducted, the age of the seedling, the age and vigour of the fungal 
culture used, and, in all probability, upon the composition of the nutrient 
material upon which the latter was cultivated outside the plant. 

5. The Fungus isolated in this way is morphologically identical with 
that present in the root mycorrhiza. 

I'llK If.NOOliIVTi:. 

iHsii/r till plant. The vegetative mycelium as it appears in the 
various organs of the plant ha.s already been fully described (p, 11 j). With 
the exception of the characteristic clusters of branches which fill the root- 
cells (PI. VI, Fig. Ji), and the swellings on hyphae outside the root but 
continuous with those in the tis.sues (PI. VT, Fig. 3), no special organs 
have been observed. There is no doubt but that the dfstribution of the 
endophyte in the artificially synthesized plant is as wide as that described 
for normal seedlings ; there is no reason to believe that the detaihs of 
development in the tissues differ in any respect from those described for 
the latter. 

The formation of tuberch s. Invasion of the roots of a vascular plant 
by either Fungi or Bacteria is often marked by the formation of tubercles 
or nodules. The root tubercles of Leguminosae and the nodules on the 
roots of Alnns glutinosa and P odooar pn.'i arc familiar examples. 

So far as I am aware, there i.s no record of tubercles on the roat^ 
of an ericaceous plant, and their formation must, therefore, be relatively 
rare. 

Tubercles of a quite characteristic kind arc, however, formed sometimes 
by healthy plants of Calhina growing on lyjrical heath soils. 

1 he tissues of these tubercles contain fungal hyphae and Bacteria. Tl.e 
details of their structure and the relations, if any, between the two micro- 
organisms is being investigated and may throw light on the nature of the 
bacterial colonies present on the roots when growing in certain .soils. 

Outside the plant. Sub-cultures of the Fungus from the original coloiiic.s 
derived from the plant ti.ssucs were made on rice and on gelatinc-6'iiff«"'t 
extract? 

The behaviour of the organi.sm on these and other media, together 
with a detailed account of the morphological characters, will be found in 
the Appendix (p. 128). 
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Unless otherwise stated, all the cultures described were made from this 
original sub-culture on rice, and were kept at room temperature. 

The morphological characters of the Fungus agree with those of the 
genus Phoina. 

They coincide generally with those described for the five pycnidia- 
forniing Fungi, isolated from the roots of five ericaceous species by a previous 
observer (26), and referred to this genus.* In view of the anomalous distri- 
bution in the tissues of the plant, and the fact that the members of the 
genus Phomn, as commonly understood, are obligate parasites in all parts 
of plants except the leaves, it is suggested that the species now described 
should be placed in a new sub-genus Phyltophoma. 

With regard to the physiology of the Fungus, many problems present 
lliem.selves. 

'Ihe reaction of the micro-organi.sm to acid and alkaline media and 
to various soil extracts; the possible excretion of acid by the Fungus when 
grown on various substrata ; a more detailed knowledge of the nature of the 
enzymes produced ; and the behaviour of the Fungus in pure culture when 
inoculated with Bacteria present on the roots of plants growing in calcareous 
soil, all suggest lines of research of special interest from the point of view 
of the ecology of the plant. 

The Oi.sTKiiiUTiON of the E.ndoi'Iivtk i.v other Stecjfs 
01' FRR'.\CE.\E. 

A number of other ericaceous .species have been investigated in order 
to determine whether the condition described for Calhna is common to 
other members of the order. 

In every species examined, mycelium could be identified in the ovary 
of the unopened flower — in in.iny cases removed from the resting bud for 
examination — which showed rel.itions with the plant tissues similar to those 
described for ( alluna. It ha.s not yet been po.'i.siblc to make a detailed 
examination of the vegetative lis.-ues in each case, but in some of the 
species the endophyte is umloublcdly present in the leaves also. 

The ease with w hich mycelium can be demonstrated varies very much. 
In the members of h.ricoidcac it is usually c.xtremely reduced and difficult 
to recognize in the tissues. 

-Since the list of sitccics a])pcnded contaiics representatives from the 
I'hododendroidcac, Arbutoideac, and X'accinioidcac, as well as from the 
hricoideae, it seems rcason.able to conclude that the distribution of the endo- 
phyte described in detail for CaUuna is common to all members of Isricaceae. 
llie agreement of members of Vlaccinioidcae in this respect is of interest 

U is doiiblfiil whether any ol llu'se .-jiccics can be hicnlifieil with certainly with the t-ptMics of 
! hema recorded !»y Kabenhorst from members of Ericaceae ^scc Temc!/, eft'. 
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for systematic reasons, anil favours the view that the members of this sub- 
order arc closely related to the hypogynous forms. 

Since ovarial infection is the rule, the seeds of all species will evidently 
always be liable to infection by the specific Kungiis ; whether the relation 
between seedling and Fungus is of the same obligate character as has been 
demonstrated for Calluua can only be determined by experimental invc.sti- 
gation of each ease. The observation recorded by an earlier investigator, 
that j'oung seedlings of Audrouuda potifolia germinating vivipai'ously in 
the capsule showed fungal infection of the roots, is worthy of notice in 
this connexion (2(i). 

Experimental investigation is also required in order to determine 
whether the endophyte is specific to each pl.int species, or can be used 
successfully for the inoculation of any member of the group in which an 
obligate relation can be demonstrated. 

Appended is a list of the species in which ovarial Infection has been 
observed, and a similar dhstribution of the Fungus may probably be 
inferred. 

KlIODODliXDROlDL.tE. 

Liiliiin pahts/n-, Rlwdoilciidioii ponticum (Garden var.). Rhododendron 
indiann {Azalta indica, garden var.), Rhododomh on siuousc {Azalea sinensc, 
garden van), LeiophyUum hnrifolinm. Katmia angustifolin. 

Aunu rolUF.AE. 

Pieris ftoribunda. Picris japoniea, Ganlthcria aeutifolia, Antoslaphylos 
Uva-nrsi, Arbutus Unedo. 

V.tCCINIOIDE.tli. 

Vaccunum I itis-tdaca. Pentaptergyium serpens. 

FRlCOIDE.tE. 

(.alltnia vulgaris, hrica earnca. 


Sf.MMtRV. 

1. In common with other members of Ericaceae, Calluna vuRaris 
possesses a characteristic root niycorrhiza. 

2. Infection by the mycorrhizal Fungus takes place shortly after 
germination, the source of such infection being the testa of the seed. 

3. Infection does not cease with the formation of the characteristic 

mycorrhiza associated with the root.s but affects all parts of the young 
seedling.* ^ 

4- In the mature plant, likewise, the Fungus is not confined to the roots 
or colourlc.ss parts, but is present also in the sub-aerial organs— in the tissues 
of the stem, leaf, flower, and fruit. 
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5, The ovary— and later the young fruit — contains mycelium in all 
parts of the internal tissues. This mycelium infects the seed-coats of the 
developing seeds. 

6, The embryo and endosperm of the resting seed are free from 
infection. 

By appropriate method.s, seeds can be sterilized and seedlings 
germinated, free from fungal and bacterial infection. 

8. Failing infection by the appropri.ite I'ungus, such seedlings do not 
develop roots ; they suffer complete inhibition of growth, remaining alive, 
but iootles.s, for several months. 

9. The mycorrhizal Fungus has been isolated from unopened fruits and 
from seeds removed from unopened fruits and has been grown in pure 
culture; sterile seedlings inoculated from a pure culture of this F'ungus 
develop normally under aseptic conditions. The synthesis of I'ungus and 
plant has thus been accomplished. 

10. In morphological characters the Fungus resembles the genus Phoma- 
In view of its distribution in the plant, and the unusual biological relations 
exhibited, it is proposed that the species described must be placed in a new 
sub-genus, for which the name Phyllophoma is .suggested. 

11. Ovarial infection has been observed (and .a similar distribution of 
the Fungus in the vegetative parts inferred) for a number of cricaceous 
species, including members of the Vaccinioidcac. 

n. It has not been found possible to replace the stimulus to develop- 
ment which follows seedling infection by supplies of various organic 
nitrogenous substances in the food material. 


Di.se ussio.v OF Results. 

In view of the facts described in IhR paper, the conclu.«ions of Stahl, 
with regard to the rel.itions between eric.iccous plants and their mycorrhizal 
I'lingi, rerpiirc revision. 

As a result of experimental work on Vatchnum. &c., germinated and 
gioivii in heath .soil, sterilized by beat and Iry ether vapour, .wtahl .summarizes 
liis eonclusioiis as loliows : 

■ W ahreiid inanchc obligateii Myeorrhizenpllanzcn.wic wir friihcr gescheii 
li.'ibeii, der .Anzucht arts Sameii mid der Kultur grosse Schwiciigkciten he- 
rcitcii, lassen sich die Fricarceii .uicli oline Gegemvart von Wiirzolpiizen 
unschwer kultiviren, und ihre Samen gclicii, zwar oft langsam.aber in gro.sscni 
I’rocentsatz und siclicr ohne Mitwirkung synibiotischer I’ilzc auf ' | 16 ). 

According to .Stahl, seedlings of I ’aitiiiiiim MyrhUus sown inAIaj-, on 
soil which had been previousl}- heated or treated with ether r apour, when 
ex.auiincd in October of the same year were completely free from fungal 
infectimi (‘vollig jiilzfrci ’). 
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As a general statement affecting all members of the Natural Order 
Ericaceae, the conclusions expressed in the passage quoted above can no 
longer be accepted. 

It is true that an obligate relationship with the mycorrhizal Fungus 
cannot, at present, be predicted with certainty for every member of the 
group, but, in view of the fact that some species of Vaccinium (p. 124) show 
ovarial infection of the kind described for Calluna, a repetition of Stahl’s 
experiments, under conditions in which negative evidence regarding infection 
of the roots can be more satisfactorily tested than by microscopic examination 
only, is required. 

Recent work by Russell (45), on the sterilization of soil by heat and 
antiseptics, appears also to have a bearing on the interpretation of the 
results in these and similar experiments carried out by Stahl. 

The condition described for Calluna does not .seem to have an exact 
counterpart among mycorrhizal plants. 

The dependence of the plant on the fungal symbiont is paralleled, 
if not e.xceeded, among the Orchids, in some species of which development 
of the embryo ceases at an early stage, unless infection occurs. In the 
Orchids, however, the endophj-te is strictly confined to the non-chlorophyllous 
tissues, and this restricted distribution is not accidental, for Bernard has 
shown that portions of the stem of some Orchids have a poisonous effect 
upon the mycorrhizal Fungus of the same plant. In cultures, the fluid 
diffusing from these tissues killed the hyphae ; heated to j5’ C., the toxic 
properties disappeared, from which it was inferred that the poisonous 
substance wa.s probably of the nature of an enzyme (16). 

While also exhibiting complete dependence upon the Fungus at an 
early .stage in the life-history, Calluna has an advantage over the Orchid.s, 
since the seeds are insured again.st the risk of non-infection— no small 
advantage in the case of small, light seeds, distributed by wind. This 
advantage would seem to be counterbalanced bv the presence of mycelium 
of a facultatively parasitic nature in the tissues of the shoot. 

There is no evidence lor nitrogen fixation from the air by the Orchid 
Fungi, but it is usually believed that the Orchid plant obtains nitrogcnoii- 
food material from the Fungus by the digestion of mycelium in specialized 
cells (■ Verdauungszcllcn ’). 

It is now suggested that Calluna and its allies have solved the nitrogen 
problem in a different way. 

The toleration by' the plant of mycelium in the intercellular spaces 
of the leaves continuou.s with that on the outside of the shoot, and the 
ultimate relations of the hyphae with the mesophydl cells, point to the possi- 
bility of the fixation of atmospheric nitrogen in some degree by the 
Fungus. 

Indirect evidence favouring the same view has already' been cited 
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(p 107). while nitrogen fixation has been claimed for five pycnidia-bearing 
Fungi isolated from members of Ericaceae, growing in pure culture outside 
the plant (26). The possibility of growing the artificially infected plant of 
Calhtna in a nitrogen-free substratum awaits experimental proof. 

The only green plant for which has been described a like distribution 
of mycelium— not obviously pathogcnic~in the tissues, combined with 
ovarial infection of the seeds, is the Darnel grass (f.olium temnUntum). 

In this case, however, the plant docs not form mycorrhiza, nor has 
it been established that the relation with the Fungus is an obligate one 
(47, 48). 

Some degree of symbiosis has been inferred, but the e.xperimcnts of 
liiltner (33) to establish nitrogen fixation for this Fungus arc inconclusive. 

The case of the saprophytic Orchid Gaslrodia etaia, described recently 
by Kusano (49), is of intcre.^t, since there is deitcndence of the plant upon 
fungal infection for a part of the life-hi.story only, coupled with a strictly 
limited distribution of the Fungus in the tissues. 

The higher symbiont in this curious relationship is a rootless sapro- 
phytic species of (Jrchid ; the fungal partner is Armillaria melka (‘ Rhizo- 
morpha subtcrranca '), a well-known facultative parasite. The association is 
an obligate one for the plant, in so far as the flowering stage is not reached 
unlc.ss ‘ mj'corrhiza ' is formed, but the vegetative period of the life-histor)' 
is independent of infection, which takes place only occasionally in nature. 
It involves symbiosi.s, by means of a stem mycorrhiza, on the part of two 
hcterotrophic plants, the fungal partner remaining apparently unmodified by 
it.' temporary association with the plant. 

The view is put forward by this author, that the first step towards the 
formation of mycorrhiza c.'in here be rcci'gnizcd, involving a tetnporary 
fflodification of parasitic habit on the itart of the Fungus concerned. 

It is evident, from a consideration of mycorrhiza in general, that it is 
still impossible to frame a definition which will include all the known cases. 
The theories of earlier observers implied a strict symbiosis with reciprocal 
advantages of an obvious kind, hater workers tend rather to regard the 
Illation as primarily one of pornsitism on the part of the Fungus, tolerated 
,ind often turned to account b)- the iilant, or even become indispensable 
tu it. 

Thus Gallaiid (2(l| concludes that tlicre is no 'synibiose harinoninue' 
between plant and endophyte. The latter i.s only an internal saprophyte 
nl a special kind which the plant cells c.ao keep in check without preventing 
further development. 

Hcrnard holds similar views with regard to the Orchids ; 

‘A tin point elc vue thcoriijue il re.sulte dc ccs constat, itions que I’etat 
dit de .symbio.sc cst cn quelque sorlc un clat de inaladie grave ct prolongec, 
inlermiidiaire entic Ictat des plantes altcintcs dune nialadie rapidement 
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mortellc ct celiii dcs plantcs qui jouisscnt dune immunite complete' 
(loc. cit). 

A similar interpretation may perhaps be suggested by the condition 
in Ericaceae, many of the members of which have solved the problem of 
growth upon the poorest and most unpromising soils, but have solved it at 
the price of their independence. 

A study of these delicately-balanced relations inevitably provokes 
comparison with phagocytosis and the phenomena of immunity as observed 
in animals. 

The recent work of Fcllnicr (50), and of Wcndclstadt and Fellmcr (51), 
is suggestive in this connexion as indicating how the specificity shown in 
relations between a vascular plant and a Fungus, such as those described 
above, or possibly in symbiotic associations in general, can be brought into 
lino with the facts of immunity and reaction to immune sera in animals. 

These authors have shown (i) that |)hint extracts (‘ Fiweissstoff ’), when 
injected into animals, produce specific piccipitin rc.actions, with anaphylactic 
phenomena quite analogous to those produced by the injection of animal 
sera ; and (3) that similar specific rcaction.s are given by animals to extracts 
of Fungus protoplasm prepared in the same way. 

The attempt to use the hitter to produce immunity in the higher plants 
against attacks of Fungi, .although theoretic, ally possible, has not yet proved 
successful in practice. 

Only investigation of special cases can demonstrate with certainty the 
exact relation between the degree of development of the Fungus in the 
ericaceous plant and the well-being of the latter for any given condition- 
of growth, or provide a key to the soil preferences of these plants, both in 
the field and under cultivation. 

It is unlikely that observed pcculi.iritics in this respect can always In' 
explained as consequences of the xerophytic habit, witli the decreased 
transpiration current and retarded absorption which this entails. 

I am indebted to Dr. R. Stcnhoiisc Williams for testing the sterility "f 
seedlings used in inoculation culttirc-.. .mil to I’rofcssor Kceble for helijlid 
criticism of this paper. 

The expenses of the research have been defraj-ed b)' a grant funn 
University College, Reading. 

AIT’i;.\T)l.\. 

5. The Eiiiitphyte ni pure Citlliirc. 

I . Rii i and tap-wad r. 

ThMy days culture \ igoious superficial eroivili- nivi, liuiii snoiv-while at lien 
lietoniing greyish brow n. The medium slowly thange.s c.luur from yellow to il.nt 
brown. 

■Six weeks culture (PI. \ I, Fig. 19). As List, hut m.inv small dark dols on tin 
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bared pans of ihe surface, indicating the formation of pycnidia. Older mycelium 
greyish brown ; younger mycelium from germination of the pycnidiospores snow-white. 
Mycelium resembling that found in the root mycorrhiza of the plant. Larger hyphae 
hyaline, regularly sepiale, yellow-brown, diameter o-ooy-o ooS mm., giving rise directly 
or by gradual transition to fine, colourless, branched hyphae; tlie ultimate branches 
very attenuated. 

Larger hyphae rarely sliorily jointed in growth or swelling to form terminal or 
intercalary swellings; often forming strands of parallel-growing hyphae. The colour- 
less vegetative hyphae become densely interwoven, but there is no formation of 
a definite stroma. 

Pycnidia produced freely on the surface ; globose or slightly irregular in shape, 
with apical papilla; size variable, diameter from o>2 min. upwards; colour dark 
brown (fl. VI, Fig. 8). 

Pycnidiospores oval. 0-003 mm. -0-004 x o-oo2-o*oo3 mm. ; wall pale greenish 
yellow to yellow-brown (PI. VI, Fig. 9). 

2. Callunn-Kxirmt Gdaiim} 

Tn days culture. Colony 4 cm. diameter. Superficial growth of mycelium, well 
developed and snow-white in colour. 

I'ifiuH days culture {PI. VI, Fig. 20). Colony 6 5 cm. diameter. Mycelium 
biiow-white. Gelatine slowly lirjucfying. 

Mycelium vigorous ; hy[)hac brandied, septate, colourless to yellow-brown, resem- 
bling those from culture on rice, but in older cultures the majority form characteristic 
swellings — iiiLercahrv, terminal, or in chains. Mycelium often forming parallel strands. 

No formation of spores or pycnidia observed. 

Complete liquefaction of the gelatine in older cultures. 

3. WciUy-cuUun seduiUm .\ (p. 106) and 0-12 Agar. 

Twdvi ‘dcds iuliurc. .Medium slightly clouded, colour unchanged. Growth on 
surface feeble or absent, cxce])i for a slight growth of hyphae on the sides of the 
tube. Mycelium homogeneous, composed of fine, branched, colourless hyphae, 
frequently an.tstomosing. The mycelium in this culture was identical with that 
ubser\'ed in the early stages of infection of sterile seedlings. 

4. S'.dufidi A-f-o-i ' A.iV/Wt + o-i % ir///c’,f A/'/owf -po-12 ' Agar. 

Twenty days' culture. Colony 7 cm, diameter. 

Thirty .. Colony covered plate. 

Gros\lh colourless; scanty white mycelium on surface. 

In older cultures the medium darkens very slowlv, becoming ^ ellow to vellowish 
brown. 

Growth vigorous, cbielly below surface. Hyphae colourless to yellow-brown in 
old cultures. Older hyphae often closely septate and wiili thicker wails; no separa- 
tion of chUmydospores obH-rved. No funiiatioii of swellings in cultures up to five 
moiuhs old. Refractive droplets abund.im in hyphae and .is an e.xcrel'on in the 
invtlium. No formation of spores or pvenidia observed. 

' 130 grm. of joiiny shoots of i'at.'una extracted tii water; extract maJe up to i litre, aud 
i2Cii;nn. sheet gclaluic added - daik-browii medium. 

K. 
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5. Xutrieni Agar,^ + to acidity. 

Twenty days’ culture. Colony 3 cm. diameter. 

Thirty ,, ,, Colony 3*25 cm. diameter. 

Forty „ „ Colony 3-5 cm. diameter. 

Colony yellowisli, raised, with very scanty growth of mycelium on surface. 
Colour of the medium unchanged. Mycelium showing a preponderance of the 
larger hyphae, in which the cross- walls are strongly marked ; branches often ‘jointed ’ 
in structure; no separation of chlamydospores observed (PI. VI, Fig. 21). 

The mycelium shows a vigorous development of large swellings — terminal, inter- 
calary, and in chains. 

6. Xiitriint Agar^ —5 alkalinity. 

Twenty days* culture. Colony 1*5 cm. diameter. 

Thirty „ „ Colony i *8 cm. diameter. 

Forty „ „ Colony 2-0 cm. diameter. 

No further growth. Colony similar in appearance to last, but the medium 
tending to deepen in coloff. 

l\Iyce]ium as last, with very conspicuous ilevelopineiU of swellings. 

Hydrolysis of arlulin. The glucoside arbutin is widely distributed among the 
members of Ericaceae, 

It occurs abundantly in the tissues of Calluna ; in a watery e.Klract of the leaves 
and young shoots made in the cold, the colour, at first yellowish, slowly deepens until 
the solution becomes dark brown. 

'I'his browning of the extract is presumably due to hydrolysis of the glucoside to 
glucose and hydroqulnone, the latter of which oxidizes 10 form a brown pigment. 

The browning of the plant-cells in unhealthy seedlings is possibly due to related 
causes. 

'J'he production of an enzyme by the Fungus able to effect the hydrolysis of 
arbutin has been determined by transferring mycelium from a pure culture on rice to 
lubes containing a 0-5 % solution of arbutin. At the end of a week the lubes showed 
slight browning of the solution, the coloration gradually becoming more marked. 
Control lubes, containing a 0-5 solution of arbutin without the Fungus, remain 
colourless. 
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KXPLANATIOX OK PLATE VI. 

Illustrating M. C. Rayner’s paper on Obligate Symbiosis in Calluna viC^aris. 

Figs. 10, 15^, 16, 17, iS, 19, 20 SB photogr.iphs. Fig. 31 = ndcfophotograph. Figs, n, 12, 13 = 
camera lucida drawings. Figs- 14, i5tf = drawings. 

Fig. 1 a. Ovarial infection. Part of .a longiludin.al scumn of the unoj^ned fruit, showins,' 
seeds still attached to funicles. Mycelium in all parts of the ovary tissues, and traversing the 
spaces between ovary svall and seeds, h. - hyphae. x bo dlam. 

Fig. I h. Piirt of the section shown in Fig. 1 a, more highly magnified, h. — hyphae ; 0, = ovary 
wall ; t. j= seed, x 300 diam. 

Fig. 2. Cell from mesophyll ^bundle sheath' of the cotyledon filled v\ ith hyphae. h. * hyph.’.e ; 
V. — vessel in median vascular strand ; ckl. « chloroplast. Camera lucida drawing from a sectioa 
22 ^ stained cotton blue in lactic .acid. Lcilz obj, 6; Zeiss compens, oc. 12. 

Fig. 3. Mycelium of mycorrhizal Fungus outside root ; hyphae continuous with those in cells. 
r. = root ; Z'. = ‘ vesicles x 330 diam. 

Fig. 4. Mycelium of mycorrhizal Fungus, from pure culture of same on ( tf//f<nii*extract gelatine 
V. = ‘vesicles’. X 330 diam. 

Fig. 3. Transverse sections of successive leaves near aix:x of shoot, g. = groove on abaxial 
side ; r. = air-space, x too diam. 

F ig. b. Longitudinal section of leaf parallel to upj>er surface, c. = crystals of calcium oxalate. 
X 68 diam, 

Fig. 7. Coils of mycelium between adjacent leaves, penetrating the epidermis and mesophyll eii 
either side. e. = epidermis ; rn, — mesophyll cell ; h. = hypha. From longitudinal section of shouli 
stained Betida hrcmaloxylin. x 540 diam. 

Fig. H. Mycorrhizal Fungus, Hyphae and pycnidia from pure culture on rice. Six weeks. 
/. - pycnidium. x 75 diam. 

Fig. 9. Mycorrhizal Fungus. Pycnidium more highly magnified after csca|)c of pycnidiosporcs- 
/. = pycnidium; r. * pycnidiospore. x aiodiam. 
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I'ig, 10. Normally infected seedling from imsterilized sand culture in tube as shown in 'rext- 
fig, I. 282 days after planting, 

Kig. II. Koot mycorihiza. Snperficial cell of young root with hyphae. Camera lucida drawing 
fniin whole root, stained cotton blue in lactic acid. Zeiss, horn. iram. 3 mm. Compens. oc. u. 
>: 1620 diam. 

iMg. 1 2. Infection of leaf. Cells of the mesophyll with invading hypliae. m. = mesophyll cell 
of leaf ; h. = hyphne ; cht, = chloroplast. Camera lucida drawing from transverse section of shoot 
[-[.'ig, Zeiss, horn. imm. 3 mm. Compens. oc. 8. K 880 diam. 

Fig. 13. Infection of leaf. Mycelium in air-space of leaf, with crystals of calcium oxalate. 
C. - Cao ; h, - hyphae. Camera lucida drawing from longitudinal section of a fresli leaf. Leitr 
obj. 6. Zeiss compens. oc. 12. x 880 diam. 

Fig, 14. Sterile seedling growing in nutrient agar .and artificially infected from a pure culture 
of the myc0rrhiz.1l Fungus. Ninety-five days from sowing ; twenty-seven days after planting and 
inoculation. /. = limit of fungal growth in ag.ii. This seedling subsequently reached a height of 
6cm. X ij. 

Fig. 1512. Sterile control seedling in nutrient agar. Ninety-five days from sowing; twenty- 
seven days after planting. No subsequent growth took place in this or other controls, x i\. 

Fig. 15 {>. Sterile control seedlings on filter-paper. Same age as Fig. i; a. 

Fig. 16. Sterile seedling, in'^ected anificially from a ‘ strong ' culture of the mycorrbizal Fungus 
in nutrient agar. Niiicly-fivc days from sow ing, twenty-seven days after planting, h. =* mycelium 
growing out from shoot. 

Fig. 17. Sterile seedlings on filter-paper, inoculated from .a pure culture of the mycorrhizal 
Fungus suj)plied with distilled water only (cf. Fig. j8\ Ninety-five days from sowing ; twentv-cne 
days after inoculation. /. = Fungus. 

Fig. iS. Sterile seedlings of same age under similar conditions, but supplied with a dilute 
nutrient solution cxltact of distilled water. Seedling comp-lelely parasitired and destroyed ; Fungus 
vigorous and forming pycnidia. 

Fig. ly. Mycorrhizal Fungus. I’ure culture on .'ice. Five weehs. Diameter 4-, ; cm. 

Fig. 20. .Mycorrhizal Fungus, i’ure culture on C«r.’.V<//.j-extfaci gelatine. Fifteen days. 

Fig. 21. Mycorrhizal Fungus. Mycelium from iive-wcvks’ culture on nutrient agar, x ttodiam. 
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INTRODUCTION. This work was originally undertaken in October, 

1912, with the idea of investigating the nuclear phenomena in the genus 
Coprinus, but, owing to difficulties experienced in the germination of the 
spores, attention was subsequently centred on that. The observations 
recorded in this paper were made in the Botanical Department of the 
University of Bristol. 

Work on coprophilous Fungi generally has been largely morphological 
and systematic, but a good deal of attention has been paid to the germina- 
tion of the spores. 

Historical. The opinion was held for many years that the spores 
of coprophilous Fungi would only germinate after having passed through 
tlic alimentary canal of an animal, but there is very little direct evidence on 
this point, janezewski (11, pp. 25;-62), i8;i, attempted to germinate the 
spores of Ascobolus fnrfuraccus in nutrient solutions, but failed. He there- 
fore fed rabbits with bread containing .spores, and found germimation had 
commenced when the dung was deposited. De Bary (F, pp. 375-/), 1884, 
germinated spores of coprophilous Phycomycetes — Mucor, &c.— in pure 
water, and was successful in germinating those of Sordaria and Coprinus in 
nutrient solutions. I! is attempts with Ascobolus furjuraccus, however, 
failed. Brefeld (2-4), 1891. was unable to germinate the spores of the 
latter genus, but he was very successful with those of various species 
of Coprinus and other Agaricincac. Massce and Salmon (14, 151, 1901, 
c.xpeiiincnted with the spores of Ascobolus pcrplc. rails and Ascobolus glabcr. 
The spores germinated in nutrient solutions at So" F. after twenty hours, 
but at 60° F. only very feeble germination occurred after a raueli longer 
period. Attempt.s to germinate the spores of other species of Ascobolus 
and those of other Fungi failed. F'alck (0, pp. 1-3). 1904, was unable 
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to germinate the spores of coprophilous Basidiomycetes. He passed some 
spores through the bodies of maggots to see if this would have any effect on 
their germination, but it did not. Blackman and Fraser (1, p. 355), 1906, 
failed to germinate spores of Humaria granutata in nutrient solutions, the 
same difficulty being experienced by Fraser (10, pp. 350-1) with the spores 
of Lnchnea sUrcorca. Germination only took place after the spores had 
been passed through various digestive fluids. Schmidt (20, pp. 73-5), 
1912, working on the propagation of the coprophilous Fungi, found in the 
case of many Phycomycetes and Ascoraycctcs that a certain temperature 
was necessary for the germination of the spores. Above this temperature 
(40°-42° C.) germination would only occur when certain chemical reagents 
were also used. He was unable to germinate the spores of some genera of 
Ascomycetes at all. From the above evidence it is seen that a general 
difficulty has been experienced in the germination of the spores of copro- 
philous Fungi. 

Material. The material for the following work was obtained on cultures 
of horse-dung, which were set out at regular intervals to ensure a continuou.s 
supply in the laboratory. 

The species of Cofrinns used for the.se observations was submitted to 
Mr. A. D. Cotton, of the Kew Herbarium, for idcntific,ation. He named it 
Coprimts sterquilinus, Fr., belonging to the ‘comatus’ section. The 
blackening of the apex of the .stalk with age is a chanactcristic feature. The 
species possesses a ring, and before opening resembles ti very slender 
comatus in form. The .above is quoted from Mr. Cotton’s description. 
This species only appeared during the winter months on cultures kept 
at 25° C. and 30“ C., but it grew equally well at all temperatures from 
15° C. to 30° C. throughout the summer. 

The germination of the spores. Several attempt.s were made to germi- 
nate the spores in different nutrient solutions, those suggested by Ku.ster 
(12, pp. 114-45) particularly suitable for the germination of Coprinns 
spores being tried, but without succc.ss. Fraser's method of digesting the 
spores was then followed exactly as given below, and germination took 
place (10, pp. 350-1). Spores were placed succe.ssively in; 

1. Saliva. 

2. Gastric juice (a few drops of liquor pepticus of Bcnger in 0-2 per cent. 

aqueous solution of HCl). 

3. Pancreatic juice (one part of Bengcr's liquor pancreatus to two parts 

of I per cent, aqueous solution of .sodium carbonate). 

4. Liquid extract of horse-dung. 

The spores were left in each of the first three fluid.s for three hours, and 
in the last for fourteen to eighteen hours at 39° C. They were then jilaccd 
in a temperature of 25° C. 

Brcfeld (2, pp. 14 16) was able to gcrinin.ite the spores of ioprvris 
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stcrcorarins in liquid extract of dung without any trouble. He says ; 
‘Sie keimen sofort|Vvenn einTropfen Nahrlosung — Mistdccoct — sie umgibt; 
auch vvenn die Sporen linger als ein Jahr trocken aufbewahrt sind, werden 
nach wenigen Stundcn schon die Anzeichen der Keimung deutlich.’ More 
attempts were therefore made accordingto Brcfeld's method. Hanging-drop 
cultures were made continuously for several weeks in solutions of varying 
strengths and at different temperatures, but without success. Eventually 
the spores in one culture commenced germinating vigorously. These were 
stained on the coverslip according to the method devised by Overton (22, 
pp, 27- 9). On staining, the mycelial tubes were found to be so thickly 
covered with Bacteria (IM. VII, Eig. 10) th.at their contents were indistin- 
guishable. The spores were again successfully grown in the .same medium, 
but the Bacteria were always present. This suggested that perhaps the 
Bacteria played some part in the germination. Accordingly, part of the 
medium was sterilized by first passing it through a candle filter, and then 
heating it for two hours at 144“ C. in the autoclave. 

Hanging-drop cultures were made with and without the Bacteria. In 
those with the Bacteria, germination always took jrlacc within twenty-four 
hour.s, but it never occurred at all without them. These e.vperiments seem 
to show that the Bacteria are in some way necessary for the germination of 
the s[)ore.s. This is again borne out by the fact that they were also present 
in the cultures in which the spores h.ad first been passed through digestive 
fluids. 

The Bacteria. Brazilin wa.s found to be a good stain for differentiating 
the Bacteria from the mycelium, but it gives no differentiation in the 
B.ictcria thcmselvc.s. Tire)’ can, however, be detected under the microscope 
without .staining. Tlic Bacteria are very short rods measuring O'S n by i-2 4 
in breadth and length. They occur in large numbers covering the mycelial 
tubes, particularly at those pkaces where br.inching occurs, that is, at the 
centres of the greatest activity (l-’igs. fi, 7, 10). In such cases it is impossible 
to distinguish the tubes undcrncatli. Occasionally the Bacteria occur in 
chain.sor in groups of three or four, but more often they are scattered evenly, 
there being as many as 4,000,000 to the square millimetre. Lohnis (1.3, 
p. loj) figures Bacteria in such groups and chains a,s common forms in 
manure from farmyard.s. 

The Bacteria develop quite well without the spores in liquid dung 
decoction, hut so far h.ivc not grown in beer wort. They seem to grow 
better in cultures where spores arc present. This suggests some kind 
of interdependence between the two, but of e.\actly what nature it is 
difficult to ascertain. Many attempts have been made to isoldte the 
llacteria on solid media, but so far without much succesa In view of the 
fact that the Bacteria arc abundantly present in the liquid extract of dung, 
Ihis result is very peculiar. 
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In sojnc hanging-drop cultures of the Bacteria, rod-like forms appeared 
after about five days, and these always seemed to inhibit germination and 
development of the spores. The actual significance and function of these 
bacilli has so far not been worked out, owing to difficulties in staininjj 
and isolation. The characteristics of the two forms of Bacteria have not as 
yet been determined owing to the impo.ssibility of isolating them in pure 
cultures. 

Germination of the spores is most vigorou.s at 30° C., so that the 
combined influences of warmth and the Bacteria seem to react favourably 
on the spores, and lead to their development. 

A few experiments were made on the connexion between the germina- 
tion of the spores of Mmor and Coprinus, since the two never germinate 
together, the one tvhich first commences to develop apparently preventing the 
other from doing so at all. Minor, being thinner walled, &c., is usually the 
one to attain the dominance, since it responds more quickly to the .stimuUi.s 
of moisture, &c. Hanging-drop cultures of Mucor and Rhizopus nipricans 
were made with and without the Bacteria, and showed peculiar results, 
Germination of these spores only occurred when the Bacteria were absent. 
This is contrary to what would naturally be expected, since it does not seem 
probable that the Bacteria should prevent the development of the Mum 
spores, as they must both be pre.sent in the dung from the beginning. 
If there is any interdependence between the Coprinus spores and the 
Bacteria, then it is possible that the latter only develop to their full extent 
when the former are present, and vice versa, so that the Bacteria maj’ 
produce something not altogether favourable to the germination of the 
Mucor spores, 

No reference can be found to any similar ca.se of so close a connexion 
between the germination of Fungus spores and Bacteria. It is, however, 
a well-known fact that the spore.s of Myxomycctes will not germinate with- 
out Bacteria. Nadson (17, p. 37) has worked on the development of 
Dictyostelium mucoroidcs, Bref., and finds that certain Bacteria arc of great 
benefit to the spores. Molliard (16) found that certain Bacteria aid the 
development of the perithecia in Ascobolus. He says: ‘J'ai pu mcconvaincrc 
que e’est bien a unc association du champignon avee la bacterie qu’il fiut 
rapporter la formation abondantect hativc des peritheces.' He thinks these 
Bacteria assist the mycelium in producing ' unc atmosphere confinde which 
it is incapable of realizing alone. Falck (9, pp. 1-3), after passing the spores 
of certain Basidiomycetes through the bodies of maggots, found they were 
covered with Bacteria, and had on that account to be examined very care- 
fully. ’He did not endeavour to find out whether the Bacteria had any 
influence on the germination, but it seems not unlikely that they would have 
reacted favourably on the spores, had they not been removed before he 
made any observation.s. Cutting (6, pp. 40c 2) had great difficulty in 
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germinates the spores of Ascophanus carneus, Pers., but found that an 
alkaline medium combined with a certain temperature was necessary. He 
(vas unable to obtain pure cultures, growth proceeding only for a very short 
time, certain Bacteria, which were always present, seeming to him to stop 
growth, owing to their using up the oxygen. Wchmer (:21, pp. fji i-i6) 
found it impo.ssible to germinate spores of Merulius, although various 
methods were tried during a period of three years. He seemed to think 
that the spores are incapable of development, and that propagation takes 
place vegetatively. Falck (9, pp. r-3) also thinks that among the innumer- 
able spores that are formed by Basidiomycetes, only a few are able to 
develop. This does not seem the case in Coprinus, the difficulty here 
being more likely one of failure to obtain the right conditions for germina- 
tion. These conditions must necessarily be hard to imitate for copro- 
philous Fungi, owing to the nature of their .substratum and dissemination. 

Molliard's explanation (16) quoted above can hardly be applied in the 
case of the germinating Coprinus spores and their accompanj ing Bacteria. 
Probably the Bacteria produce substances favouring the growth of the 
Fungus spores, wliilst the activity of tlic Coprinus mycelium in its turn and in 
the same way benefits tlic development of the bacterial cells. About this 
there can in fact be no doubt. Tlic actively growing Bacteria arc found 
covering in large numbers the mycelial tubes of the Fungus, especially 
at points where branching occurs (Fig. 10). Possibly also in each case 
injurious by-products are formed by one of the two organisms which may 
be removed or rcndcrcil innocuous by the other. The fact that the presence 
of the longer bacilli inhibits the development of the Coprinus mycelium 
seems to point to the fact that in this case at any r.atc some toxic compounds 
arc formed which are not removed. 

Schmidt (fiO, pp, 73-5) finds that the combined influences of a fairly 
high temperature and certain chemical reagents will lead to germination in 
some cases. It .seems not unlikely that the Bacteria may play the same 
part a.s these chemical reagents. In lyOj Duggar, in a paper on Mushroom 
growing and spawn-making (8, pp. 12-18), gave an account, in the section 
on Germination Studie.s, of Margaret F'ergiison’s work on the relation of 
stimuli on germination in certain species of Agurwus. From her results she 
concludes ‘ that the problems involved arc not the well-known simple 
nutrient and physical factors ’. Thousands of cultures were made in nutrient 
incdi.i, but germination was only erratic. When a bit of mycelium was 
inti oduccd into the culture, almost a perfect (jcrcentage of germination was 
obtained. Duggar concludes the stimulus here to be of en/.)'matic nature, 
although perhaps it could only be looked upon as a substitution stimulus, 
and not one which would obtain in nature. It seems probable that the 
haclcria have the same .sort of influence as the living tissue in the case of 
• t/^orinis ciimpcstris, their influence licing possibly of an cnrimiatic n.iturc. 
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Brefeld has not worked on this particular species of Coprinus, and 
it is very likely that different conditions may be needed here for germina- 
tion. In preparing his media, Brefeld ( 5 , p. 31) never subjected them to a 
higher temperature than 8o°-90° C. The Bacteria have to me proved very 
hard to kill, and the medium had first to be passed through a candle filter 
and then heated for two hours at 134° C., in order to completely sterilize it. 
Brefeld thought that heating above 90° C. altered the chemical constituents 
of the medium, but it may equally well have the effect of killing the 
Bacteria and in that way of rendering it unfit for germination purposes. 

Formation of the mycelium. The spores of Coprinus sterquilitms, Fr., 
measure 0-15 mm.-o-i8 mm. in length, and o-oc8 mm.-o-ot2 mm. in breadth, 
and they do not seem mature until about three weeks after they have been 
shed; but if dried for two days at 40“ C,, they will germinate at once. 
This resting- period, which was also noticed by Falck ( 9 , pp. 1- 3), may be 
an adaptation on the part of the spores to retard germination until the 
substratum has become fairly dry and such Fungi as Mucor have dis- 
appeared. 

The stages in the formation of the mycelium agree in the main with 
those figured by Brefeld ( 2 , pp. 14-16) for other species of Coprinus. Fig. i 
shows the clear, light-refracting ‘ Bliisdicn ’ which first appears, and from 
which, in about two days, one or more germ-tubes arc put out (Fig.s. 2-3). 
The vesicle never attains the size of the spore as described by Brefeld 
(2, pp. 14-16) for C. stcrcorarius, .scarcely even becoming one-half a.< 
big (Figs. 2-5). 

After two or three days a much-branched mycelium is formed, growth 
proceeding very quickly once germin.ation has taken place. Fusions 
bettveen neighbouring hyphac appear very abundantly after the fourth 
or fifth day. These fusions arc characteristic of the myeclia of many 
Basidiomycetes. Brefeld ( 2 , p. 19) has only figured fusions between hyphac 
of the same mycelium in Copiinus stcrcorarius, but he says : ' Nicht ganz 
ohne Interesse schienen mir V^crsuchc zu sein, wie sich zwei verschiedene 
Mycelien zu einandcr vcrhaltcn mbchten.’ I'usions between hyphae. from 
different mycelia, which run closely parallel with one another, have often 
been observed in cultures of C. stcrquilinus {\‘\"'s. 8 and 9). The signific.ince 
of such fusions is difficult to determine. Brefeld ( 2 , p. 1 9) suggests that 
those between hyphac of the same mycelium arc for balancing the cells. 
The .same idea may also hold for those between different mycclia, and the 
fusions may be an advantage when several spores arc germinating in a con- 
fined space. Thus the different mycelia may help instead of hindering one 
another. 

Many attempts have been made to obtain pure cultures of Coprinus on 
solid media, but without success. 
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Summary. 

I. The spores of Coprinm sterquilinus, Fr., will not germinate -without 
Bacteria. 

%. These Bacteria are .short rods, measuring o-8)j in breadth and 
i-jfi in length. 

3. The Bacteria are most abundant towards thecentre of the mycelium, 
and at those points where branching occurs. 

4. Development of the Bacteria is better in cultures where spores 
are present and are germinating. 

5. The presence of certain longer bacilli prohibits development of the 

mycelium. 

fi. Germination is most vigorous at 30° C., and does not occur at 
all below 20° C. 

7. Fusions between neighbouring hyphae of different mycelia frequently 
occur, 

CO.NCLLSIO.N. 

It .seems from the above results that these Bacteria are necessary 
for the germination of the spores of Coprinus sterquilinus, Fr, but in e.vactly 
uli.it way they are of benefit to the .■spores is still matter for conjecture. 
Certainly they aid the sjiorcs in some way, and the question arises as to 
whether the spores are of any benefit to the Bacteria. From the way 
in which they cover the mycelial tubes this would seem to be the 
case. N'adson ( 18 , p. 38). fully recognizing the importance of pure cultures, 
yet thinks that in some cases development is better where cert.iin micro- 
org;uii.sms arc also pre.scnt. This theory is quite tenable if applied to the 
c.ife of C. sterquilinus, since many Bacteria pas.s through the animal with 
the spore.s, so that their presence in artificial cultures may more closely 
appro.vimate the conditions to those in nature. 

The writer wishes to take this opportunity of expressing her thanks to 
Dr. 0 . V. Darbishire, under whose helpful direction and advice this work 
lias been carried on. 

Thf. UNn'KRsnv, 

liRlshM.. 
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EXPLANATION OF PL.VPK VI 1. 

Illustrating Miss Bade.a’s paper on Germination of the Spores of C'c/tinns iUr^uu'i/ius, 1 r. 

(All the figures are drawn with the AbU drawing apparatus. Hgs. i 5. 9, and to are drawn 
without the ikettria, for the sake of clearness. Figs. 9 ami to on a lower >c.a!c.) 

Fig. 1. Germination of spore, showing clear, light-refracting wsklc (f.eitz, ol-j. 7, oc. 4 . 

Fig. 2. Germ-lutes arising from vesicle Leitr, obj. 7. oc. 4,-. 

Fig. 3. Showing Fig. 2 more advanced i.eitz, oi.j. 7, oc. 4 . 

Fig. 4. Germinating spore af'er alKfUt thirty-six hours (l.cilz, obj. 7, oc. 4_. 

Fig. 5. Ditto, after forty-eight hour> Ltitz, obj. 7. oc. 4 . 

Fig. 6. Germinating spore in early stages, thickly covered with Bacteria (I eiu, obj. 3. oc. 4 . 

Fig. 7. Shows a slightly older stage than Fig. 8, the germ-tul/es being covered with llacti.r;i 
(Leitz, obj. 3, oc. 4^'. 

Fig. 8. Cross-fusion between different mycelia .at x, showing open connexion (Leilr, ob; “I 

Fig. 9. Neighbouring mycclia, A, is, and C from different spores, connected together Ly cre^v 
fusions at a, and x^ (Leiiz, obj. 3, oc. 2]. 

Fig. 10. Mycelium covered with Bacteria, particularly towanU the centre and at iboiv jw'inti 
where branches are given off (Leitz, obj. 7 oc. 2;. 
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The Effect of Salt on the Growth of Salicomia. 


liY 

A. C. HALKET, B.Sc., 

Demonsirntor in Botany at Buljord College^ London. 

With Plate VIII and four Diagrams in the Text. 

C ERTAIN plants grow in soils that contain a considerable percentage 
of mineral salts. Sodium chloride is the most common of these salts 
and is the one most widely distributed. In this country the land impregnated 
with salt is only found near the coast in such a position that it is periodically 
covered by sea water. These areas are known as .salt marshes and are 
covered by a very characteristic vegetation. The plants that form this 
vegetation have always aroused considerable interest, as their habit is 
obviously different from that of the typical mesophytic plant. The 
difference of appearance is due to the marked succulence of the majority of 
the species inhabiting the s,alt marshes. As early as i8;6 Batalin’ corre- 
lated this succulence with the presence of salt in the soil, as he found that 
‘salt plants' cultivated under ordinary conditions in the botanical gardens 
of St, Petersburg lo.st their usual charactcristic.s, but if they were treated 
with solutions of sodium chloride they developed normally. At a later date 
Batalin - made cultivation experiments with plants of Salicomia krbacea, 
L., w.atering them with various salt solutions, and he found that the typical 
soft and fleshy habit was developed only when sodium chloride was 
present, 

More recently the experiments of Lesage” have shown that ordinary 
non-succiilcnt jrlants, e.g. Lcpulium salivum, tend to become fle.sh)' when 
cultivated in soil w atered with solutions of sodium chloride. It is therefor e 
probable that the presence of .-ralt in the tissues of a plant has such an 
influence on the whole physiology of the plant as to alter its general 
structure, producing as one of the results the characteristic succulence seen 
in .salt marsh plants. 

The number of plants composing the vegetation of a salt marsh Is 

' ir.'it.ilin, .\. ; Culttir dcr .Sal.’pflnnifii. Rfgel. Garlcntton, jS, 1S76. 

’ A. : Wiitun^ lU-s C'hlwnatHuiiis aut die Entuicklung von herha-'^s, I., 

.iiril. dll Cenjjrt’S internation.il dc bol. et d'hortiimltiire. !St. Pctcrsbnrg, iSSbV Ret. in Bot. 
itiitraibl. XKi ii, iSSS. 

Lesage, M. Pierre : Keehetches expiTiincntales siir les miiditic,irions dcs feililles chee Ics 
la.iiiliv iiLiritiiiK's. Revue gcuvnlc bot.iniquc, t. ii, 1S90. 

lAnoals of Botany, Vol XXIX No. CXtll. January. 1915.1 
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comparatively small, and of this number the various species of Salicornia 
and Suaeda occupy the most exposed positions, and may perhaps be 
regarded as among the most typical of the plants. They arc very succulent 
and contain a considerable amount of sodium chloride in their tissues, h 
seems to follow from the culture experiments of Batalin that at least one of 
these plants, e. g. Salicornia hcrbacca, L., has become so specialized as to 
require sodium chloride for its normal development, though it can grow in 
ordinary soils when freed from the competition of other plants. 

The effect of salt on the growth of plants is somewhat uncertain, 
Lesage^ found that the height of plants of Lepidium sativum decreased 
with the increase of sodium chloride in the soil, while Stange “ found that 
plants treated with certain salt solutions, e. g. of potassium nitrate, also 
decreased in height. With regard to the salt marsh plants themselves, 
Ganong,® describing the plants found on the Bay of Fundy marshes, saj s 
of Salicornia hcrbacca, L., that the plants varied ‘ in size inversely with the 
saltness of the habitat It w’as in the endeavour to obtain more informa- 
tion of the effect of sodium chloride that, .some years ago at the suggestion 
of Professor F. \V. Oliver, I made some experiments on the growth of these 
plants. I would like here to thank Professor Oliver for suggesting this 
work to me, and also for his kindness in bringing the seedling plants from 
the Bouche d'Frquy and for taking the photograph from which PI. Vlll 
was made. 

The experiments were made with Salicornia and Suaeda seedlings, 
which were cultivated in the presence of various amounts of sodium 
chloride. In this way the effect of different amounts of salt on the growth 
of the plants was ascertained. 

The experiments were of two kinds .and may be considered under the 
two following divisions : 

I. Seedlings cultivated on their natural soil, and treated with solutions 
containing various percentages of Tidman’s sea salt. 

II. Seedlings cultivated in nutritive solutions to which definite qu.antitics 
of sodium chloride had been added. 

I. 

Pieces of turf were broilght from the Bouche d’Erquy in Brittany. The 
turf was composed chiefly of seedlings of Salicornia ramosissinta or Suaeda 
viaritima and of Clyceria viaritima. The turf had been obtained from 
different parts of the marsh, so that some pieces bore Salicornia .seedlings 
and ^lyccria, while others had Suaeda seedlings and (l/jccria. Sods were 
cut from the turf so that they just fitted into shallow porous earthenware 
^ Lesage, loc. cit. 

® Stange, ; Jieziebungen /wischen Subsiratconcentration, Turgor und Wachsthuin l>ei 
phaneroganien Fflanzcn. Bot. Zeit., 50, 1892, ]>. 349, 

* Ganong, \N . F, : \ cgclation of the Bay of Fundy Marshes, liot. Ga^,, vol. xxxv, 1903, i' ?3r 
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pjns. The pans were divided into four sets of six, two (a and b) with 
seedlings of Saticoriiia ramosissima, and two (c and D) with seedlings of 
Suacda maritinia. In each lot each pan was treated differently, and was 
watered with a solution containing one of the following quantities of 
Tidman’s sea salt, a"/,, i %, 2 %, 3 %, 4 %, or 5 %. Solutions of Tidman’s sea 
salt were used so that the plants should be exposed to an influence 
resembling, as far as possible, that of sea water. 

The sods were cut near the end of April when the seedlings were very 
young. These were apparently all at the same stage of development, their 
cotyledons were expanded, but no cpicolyls were visible above the level of 
the cotyledons. The experiments were begun on April 28 and were con- 
tinued till June 25. The plants were exposed to the different degrees of 
salinity by immersing the pans in the various solutions for a period of two 
hours or longer every .seven days or so. If the soil became dry between 
the immersions, the pans were watered with equal volumes of the appropriate 
solutions. 

It was soon evident that the rate of growth of Salicornia and Snaeda 
differed in the various pans, and this difference became increasingly evident 
as the treatment was continued. Certain plants, five in number, were 
chosen in each pan, and the rate of growth of their epicotyls noted by 
measurements taken at intervals. But, as there w'as found to be considerable 
variation in the height of the plants in the same pan, the curves of growth 
so obtained are not of sufficient value to warrant their reproduction here. 
The sods were untouched before the treatment began, the seedlings were 
allowed to remain as the seeds had fallen and germinated, so that they were 
not at all evenly distributed. It was thought therefore that the variation 
in the height of the individual plants in the same pan was due to the com- 
petition of the plants with one another, and with the Glyccria which was 
also present. In spite of this variation in size of some of the plants, the 
effect of the various degrees of salinity on the growth of the plants as 
a whole was very evident, and is best shown by a comparison of the average 
height obtained by the plants in the different pans. On June i, nearly five 
weeks after the treatment was begun, the length of the epicotyl of each 
plant was mea.surcd and the average for each pan calculated. The figures 
obtained arc given in the table below : 

Table I. 

Average height of plants in millimetres. 

SHa{da iiiaritivia. 

C D 

117 lo-S 

n -4 9-9 

lo-o S’O 

8-0 6‘i 

4'J n 

47 a-6 


fidmans 
sta salt. 

Saliiprnia 

ramosissirfia. 

% 

A 

H 

0 

S-i 

97 

1 

II-9 

ja7 

2 

h'b 

r3 

3 

4*4 

37 

i 

^•3 

3*0 

5 

3.3 

3*i 


L 
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These results are represented graphically in Diagram i, where the varia- 
tion in height is plotted against the variation in salinity. 

This diagram shows clearly that plants of Salicornia flourished best in 
the presence of a certain amount of salt, though growth was retarded if the 



' 0 ^ \% 2 % 3 % 4 % blSiU. 

I)i.\r,RAM I. 

Effect of degree of salinity on growth of Sa/i. ornia and SuaeJa. 

Sa/icarnia ranmisstma, pans A and ». 

.^uaet^a maritii/ia, jian-i c and i'. 

amount of salt present increased beyond a certain limit. In these experi- 
ments the greatest growth took place in the pans treated with the 1 
solution of Tidman s sea salt. The effect of salt on the growth of Suiudd 
luariiima is not so clearly shown, as in one case it slightly increased the 
growth and in the other slightly decreased it. The plants were measured 
again on June 16, when the same variation in growth was found. A number 
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of the Salicornias in the pans treated with the i % solution of Tidman’s sea 
salt and with distilled water were measured again on June 25, when it was 
found that the difference of growth was maintained. The average height 
of the plants was y)-2 mm. in the first case, while it was 29.9 mm. in the 
second. 

The effect of salt on the growth of Glyceriii maritimn was also noted. 
In the pans treated with the higher percentages of salt, % %, 4 %, and 5 %, it 
u’as found that after a time the plants turned yellow and finally died, while 
growth was greatest in the pans treated with water containing no salt. On 
June 25 the average height of the grass in each pan was obtained, and the 
decrease in growtli according to the increase in salinity is shown in Diagram 2. 
Here tlic dotted lines represent the height of the Gtyceria in the four sets 
of pan.s, A, ]t, C, and D, while the unbroken line gives the average height of 
the Gtyceria. 

It seemed to follow from these experiments that Salicornia ramosissitna 
grew best when it was treated with a somewhat dilute solution of Tidman's 
sea salt ft /,). a considerably weaker solution than that of .sea water, The 
other two salt marsh plants experimented with were less tolerant of salt. 
Snaeda vwrilinia grew as well without salt as with it, while Glyccria 
maritiwa flourished much better in its absence. The fact that the plants 
were grown in soil made it somewhat difficult to be certain what was the 
actual salinit}' of the water .ivailablc for the plant When the experiments 
were begun, as the pans were comparatively .small, it was thought that by 
immersing them for some time in the various solutions the excess of salt in 
the soil would be washed out, and that the salinity of the water in the soil 
would be approximately the .same as that of the solution in which the pans 
were immersed. It was obvious that there was a certain variability in this 
s-ilinity as, between the periods of immersion, water was lost from the soil 
by evaporation and through the transpiration of the plants. In order to 
a.sccrtain the amount of this variation c.stim.itions were made of the salinity 
of the .soil water in certain of the sods before and after immersion. The 
salinity was obtained by estimating the amount of water in the soil and the 
amount of chloride pre.scnt, .and then calculating the amount of salt in 
ioo c.c. of water, the chlorides being calculated as sodium chloride. 
Portions of soil were taken from one set of pans on June 4, just before the 
pans were immersed in the various .solutions. The period of immersion 
lasted two hours and a lialf, then the pans were allowed to drain ; a second 
lot of samples was taken on the morning of June 6. 

The results of the.se analyses brought out the fact that not only was 
there a considerable variation in the salinity of the water of the soil in each 
pan, but tilso that tliis salinity was much greater tlian that of the solutions 
with which the)' were watered. It was found that the excess of salt was 
tot washed out during the periods of immersion, but accumulated in the 

), 2 
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soil so salinity of the water available for the plants in the different 

pans was much greater than was supposed. The results obtained are 
tabulated in Table II, and the figures give some idea of the range of salinity 
in the various pans ; 

Table II. 


Range of salinity of zvatcr in soil. 


Stnnfflh of solution of 
Tidmans sea salt. 

Salinity of \ 

voter in soil. 

June 6 

l>tfore immersion. 

after immersion. 

A 

0 

A 

1-4 

A 

0-6 

1 

5-6 

i‘5 

% 

9-9 


3 

17*8 

10*5 

4 

i8-8 


5 

u-o 

U'2 


It is evident from these figures that the pans watered with the i % 
solution, in which the greatest growth of Salicornia took place, contained 
soil the salinity of which varied within rather wide limits; in the sample 
analysed the variation was from to 

These e.xperiinents with plants grown in soil, while they show that 
plants of Salicornia ramosissima grow best in the presence of salt, do not 
show what percentage of salt is the ino.>t favourable, whether it is that 
which prevails in the normal h.abitat of the plants— approNimately that of 
sea water— or not. The following year a series of water cultures was 
started to ascertain the effect of various amounts of sodium chloride on the 
growth of these plants, 

11 . 

Various attempts were made to cultivate plants from seed brought 
from the salt marsh, but these were all unsuccessful : the seeds germinated, 
but the in,ijority of the seedlings died before they had attained any size. 
Successful cultures were made with young .seedlings brought from the 
Bouche d'Erqiiy. Three sets of cultures were started with tlie following 
plants: (i) Salicornia olnvri, I2) Salicornia rainosissima, and (3) Snacila 
niariliina. The plants were grown in glass jars containing nutritive solu- 
tion, made up according to Sach s formula, with the addition ol various 

amounts of sodium chloride. Six variations in the amount of sodium 

chloride were used, the solutions in the jars containing respectively 0 I 
r 1 3 h. 4 and .3 , of this salt. Care was taken that all other conditions 

for growth sliould be as far as possible equal for all the plants. It was 

hoped in this way to observe the effect of the different concentrations of 
sodium chloride on the growth of these three plants. 

The cultures were .st.artcd when the .seedlings were quite young, their 
cotyledons were expanded, but no epicotyls were visible. Seedlings were 
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chosen as far as possible of the same size, and six were placed in each 
culture jar. The experiments were begun about the end of April. 

The growth of the plants in the various solutions was compared by 
measurements of the lengths of the epicotyls. These measurements were 
begun on May 8 and were continued till the beginning of July. Here, as in 
the previous experiments, the results obtained for Sahcorma differed from 
those obtained for Suacda. It was found that the increase in length of the 
plants of Suacda was approximately equal in the nutritive solution v\ ithout 
the addition of sodium chloride and in that to wiiich i % of this salt had 
been added, the total growth per plant in the first case being 1 1 2 mm. and 
in the second no- 2 mm. In the other jars the growth of the plants 
diminished as the amount of salt increased. 

Plants of the two species of Sidkontui grew much better in the 
presence of sodium chloride than in its absence. Salicoruio raiitostssima 
grew to approximately the same height in the jars with 2 % and 5 of 
sodium chloride, and grew better in these ih.m in the higher concentrations, 
while Salicornia olircri grew rather more quickly in the solution containing 
2 % of sodium chloride than in the other solutions. 

The cultures were on the whole more successful with Salicornia vli:\r: 
than with 5. rainosissiina, probably because the seedlings of the former 
were more easily transferred without injury to the culture solutions, as the 
seeds had germinated naturally in sand. The rc.sulls obtained with S.olivcr: 
are therefore selected to be given in detail. 

Table HI gives the average increa.se in height of the plants of S.otivcr: 
and shows how this was affected by the variation of the salinity. There 
averages were calculated from the measurements taken of the lengths of the 
main axis of the epicotyls of the .'ix plants grown in each jar. 

Tahli: hi. 


Date. 


Salicornia oliveri 

'jrO'.L-th in niiu.. in diffn 

M0.r.s. 

nt . onceutrationt (</ XaCl. 



0% 

7a 


3 L 

4 /a 

5 % 

May S 

2-4 

.7. 1 

.VO 

2-9 

1-6 

0*9 

•• 15 

.V3 

4y 

.‘■4 


2-1 


,, 22 

1-9 

:.-4 

.V5 

.V^ 


o'6 

M 

June 5 

I'j; 

4-7 

r'.4 

4'7 

2'S 

!-0 

i*i 

40 

56 

4-4 

.V.’» 

2M 


07 

7.'4 

57 

4-6 

.V2 

l-is 

,, 20 

0'5 

.V4 

4*9 

4-4 

• 1 

1 

,, 27 


39 

5*5 

r'O 

4'.’^ 


Jnly 3 


3*4 

4‘7 

.3-9 

3'.* 

2'0 

Growth in lonj^th 

3 

\}.-2 

34-4 

43-6 

.17-3 

i(rh 

13-0 


These dales and figures are plotted in iJiagram 3, and give a series of 
growth curves for the different degrees of salinity. From these curves it 
can be seen that from the beginning of the experiment growth was greatest 
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when sodium chloride was present, and that the greatest growth took place 
when plants were grown in the solution containing a % of sodium chloride. 
The curves also show that increase of salinity beyond a certain concentration 
is unfavourable to growth, it being slowest in the solution containing 5 % of 
sodium chloride. 



DrACRVM 3. 

Growth of Saliconiia olivivi, Mo^.. in iiulrilivc solutions containini; vanous percentages ol 
sotlium chloride. 

% NaCl. I % XaCl. — — 2%NaCl. 

4%NaCl. 5%NaCl. 

Many of these pl.mts of otiviri branclicd ; when this was the case 
the branches were also measured. It was found that tlic growth of the 
branches corresponded to the growth of the main axis, that is, that less 
growth took place in the absence of sodium chloride than when it was 
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A. Average IreiglU of }>lain« on July 3. 

B. Average ien;;th of branches. 

C. Average tolal growth j er plant. 


present in moderate quantity, and most when the solution contained i% of 
this salt. 

The measurements were discontinued on July 3, and the effect of the 
various degrees of salinity on growth till that date are shown graphically 11' 
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Diagram 4. This diagram gives three curves, A representing the average 
height which the main axes of the plants attained in the different solutions, B 
representing the average length of all the branches produced by the plants, 
and c the average total growth in length per plant (main axis and branches) 
under the various conditions of salinity. 

The photograph from which PI. VIII was made was taken at an earlier 
date, June 10, and shows the plants as they were then. The black paper 
surrounding the jars had been temporarily removed to show the develop- 
ment of the roots. It will be noticed that the root development is abnormally 
great, and that it also is affected by the amount of sodium chloride present 
in the solution. 

After the photograph was taken the amount of sodium chloride present 
in each solution was estimated, and it was found that the amount of the 
salt present in each solution was approximately the same as at the com- 
mencement of the experiment, though the 2 solution h<ad become slightly 
more concentrated. The jars were at this time refilled with fresh .solutions. 

It is perhaps worthy of record that the few mea.surements that were 
made of the diameter of the internodes show that this was less in those 
plants grown without salt than in those grown with it. In those plants of 
.S', ramosissima grown without .salt the average diameter of the lowest intei'- 
node of the plants on June :o was 2-7 mm., while it was 3-5 mm. in those 
plants grown with 2% and with 3:; of sodium chloride. These results are 
in accord with tho.se of former experiments, showing that the presence of 
.-.alt incrca.scs the succulence of plants. 

It is also worthy of record that plants of .S', oliicri grown without 
sodium chloride did not flower, while those with sodium chloride did. Two 
plants in the 3% solution, three in the 4',' solution, ,ind one in the 5% 
solution flowered. This is probtibly the rca.<on that the curve of total 
growth of .V. oHi'cri in Diagram 4 .^hows greater growth in the 1 [■ solution 
than in the 3 ' , a.-, fewer vegetative branches were produced tr lien flowers 
were formed. 

The following conclusions may, I think, be deduced from these 
C'xpciiments : 

1. Siilh'oniici plivi'ii, .Moss., and Salitoniia mwosissiwa grow better 
in the presence of .sodium chloride tli.rn they do in its absence, the greatest 
growlli being when s % to 3 . of this salt is present. Higher picrccntages 
decrca.'.c tire growth of the plants. 

2. The effect of sodium chloride on the growtli of .S'wtJCi/u iihirilimo is 
not so marked. Plants grow eipialh- well in its absence as when a small 
quantity (i %) is prcsoiU. Growth decreased when a greater amount of salt 
IS present, and dvcrea.scs with the incre.asc in amount. 

3. Siiliipriiii! roiik'sissiohi a.m\ Sihiufo mot itima cm resist the presence 
of a large amount of sodium chloride, as is seen from the ■ pan ' experiments 



154 Halket.—The Effect of Salt on the Growth of Sdicornk. 

when the plants remained alive and green when the salinity of water in soil 
rose at times to 17 %, though they were not able to grow. 

4, The growth of Glyccrio ntoritwio is decreased with the increase of 
the salinity of the soil. 

After these experiments had been made, my attention was drawn to 
a paper by Mr. J. A. Terras,’ in which he records the results he obtained 
with experimental cultures of certain salt marsh plants. He grew plants of 
Salicornia herbiuca, Suaeda maritima, Gtaux maritima, Plantago maritima. 
and Sptrgtdaria media in sand in pots suspended in vessels containing 
nutritive solutions (Knop’s) made up with varying proportions of filtered and 
sterilized sea water. He continued his experiments for the much longer 
period of six months, from .April to September. The general results 
recorded are similar to those given above. The effect of the salt varied 
with the different plants. Sidiconiia, Suaeda^ and (ilaux grew best when 
sodium chloride was present, while the greatest growth of Plantago and 
Spergularia took place in the absence of this salt. 

When the amount of growth in the varying concentrations of .solution 
is compared, it is seen to bo greatest in the case of Salicornia and Snaak 
in those pots suspended in solutions containing 0.9a % of sodium chloride ■ 
and the growth is found to decrease with increase in concentration of the 
solution. A difference is also seen on comparing the results of the higher 
percentages of salt, for plants of Salicornia hcrbacca and Snaeda mariliim 
died in those pots in the liquid containing ;5.2% of sodium chloride, while in 
the experiments described above these plants were able to grow in much 
greater percentages of salt. 

r Terras. T. A. : Notes on the .Salinity of the Cell-sap of Halophytes with Itelation to ilia’, t i 
the Soil Solution in which they grow. Proc. ScoU Micro. .Soc.. vol. i.<:, noi. ii ami iii. 
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Note on Abnormal Flowers in Orchis purpurea, Huds. 
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With four Figures in the Text. 


I N specimens of Orchis purpurea^ Huds. gathered in Kent by one of the 
advanced students at Birkbcck College, .several flowers were found to 
show various abnormalities in structure. A large number of inflorescences 
were examined, both in the field and in the laboratory, and out of three 
spikes sixteen flowers were obtained which presented deviations from 
the ordinary type of conformation. 

The main abnormality consisted in an increase in the number of 
Stamens. Orchis purpurea, like the majority of Orchids, develops normally 
only the anterior .stamen of the outer whorl, 

.tl (Fig. i), while the other members, .\s, 

Aj. arc represented by staminodes in the 
shape of auricles (Fig. 2). In some of 
the abnormal flowers the staminodes were 
replaced by stamens having both pollinia 
full)- developed, so that the flower became 
tfiandrous (Fig, 3). In several casc.s only one 
stamiiiodc was transformed and diandrous 
flowers resulted, the stamens being either 
Ai. or At, Aj. In these diandrous forms 
the staininodc which wa.s not transformed 



ni-iintaincd its ordinary position on the .side y,,,. DiasramotO/vi-i flow«. 

of the column. Thi.s would seem to show sr-miens .rj, are repnsenlcd 

, . , . ,, bv btimiDorlcs on the side of the 

that the staininodc.s arc potentially st.imens, column. 

and their appearance as .such in a fertile 

condition goes pari passu with their disappearance as staminodes. This 
also incan.s that the additional stamens arc not derived from any other 
noiinally suppre.s.scd members of the androccial whorls. In one case 
a further departure from the type was observed. The stamens Ai, A2, 
"cie fertile, and the posterior stamen of the inner wliorl ijj, which is 
usually completely supprc.s.scd, was represented by a pollinium arising 
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from the mesochil. According to Pfitzer the odd stamen 113 docs occasion- 
ally appear in abnormal flowers. 

These abnormalities in the androccium were not always accompanied 
by any other malformation in flower structure. Two flowers showing the 
triandrous condition were otherwise quite normal (Fig. 3). On the other 
hand, cohesion of the sepals occurred in some, and in many flowers this was 
observed without, however, any modification in the androecial whorls. In 
the flower where a'^ was represented by a polliniuin the labelKim was con- 
siderably modified. One lateral lobe was scarcely developed, and the 
middle lobe showed little trace of its usual bifid character. 



Fig. 2. Cohimn from normal 
flower of Orchis purpurea, showing 
the slarainode?. 



Fig. 3. Triaiulrous flower ; the siami* 
utKles .'tppear as fertile stamens. 


Deviations from the typical structure in Orchid flowers have long been 
knotvn. In 1X23 Von hlartius ( 1 ) recorded three anthers in Orchis bloric 
and adds, ‘ monstrosa, anth. 3! singulae naluralitcr conformata '. Ahexan- 
drous flower of Orchis viiUtoris. to which O. purl'nrea is a close approach. ha> 
been described by Kir.schleger (d). Further details of nuineroii.s abnormal 
forms are given by Masters (-fl), and more recently by Pen/.ig ( 4 ). In many 
of these instances it appears that substitution occurred. The normally .sup- 
pressed stamens appeared in a pctaloid st itc. In my specimens the stamen- 
were. fertile, the tendency being towards .a rc.storation of numerical sym- 
metry. 

It is not the purpose of this note to enter into a full discussion regard- 
ing the homologies of the Orchid (lower. The di.scussion is well known, 
and has arisen because of the .striking departure from the monocotylous type 
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in Orchis purpurea, Huds. 

,.,vh Orchids make, especially i« the androecial and gynaecial whorls, 
f uesUon that specially interested the earlier workers was whether a 1 the 
in a more or less complete state of development are confluent w.th 
t column, or whether the two lateral members of the outer whorl are 
orated with the labellum. Brown (5) advances the view ‘hat the 
'111 auricles of Orchis are essentially the same structures as the leaf-hke 
tlodcs in Diuris, and therefore form the complement Aa, A3, of the 

or .t.™.. Bo. .0 ,!.« Vic. B-o- BM no, 

Bold At first he believed the stamens A 2 , A 3 , were combined 
Kb ikm. Cruger ( 6 ) contends that the labellum is a simple organ and 
iTunion of one petal with two petaloid stamens. According to 





.... 

L 1 -vrt rrmr^e of llic vA?cu1ar bundles 

of the odd petal with the pan of outer ' delLpment by 

lo.st favour in view of tlic more recent ° ^.^scultr bundles in the 

Pfitrcr(8). The number and distribution ot - ■ 

ivhorl. Nor have I Inairand need no special s);stcm 

where tbe flower IS normal incy .rth.mn Bui when they 

apart from the large bundle which ‘nbed, then 

develop into stamens in such abnorma “ ^ ^ stamens their 

I find that each is supplied with a vascular The 

demand for nutrition is greater than when they reman 
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distribution of bundles, in fact, would seem to be determined by physiological 
needs. 

In the foregoing account I have referred to the auricles or staminodes 
as the representatives of the stamens A 3 , for in a transverse section 
through the bud of a normal flower (Fig. 4) their relative position to the 
other floral parts indicates that they belong to the outer staminal whorl. 
I have already mentioned that in thediandrous flowers one of the .staminodes 
remained normal. It is natural to assume, therefore, that in the triandroiis 
condition the extra stamens represent both staminodes transformed, and. 
like the .staminodes in a normal flower, belong to the outer andi oecial whorl. 
Thus it seems that the stamens Ai, A3, arc not associated with the labcllum, 
This structure remains a simple organ whose analogue is to be found 
in various other families, and the explanation of it.s .size and shape is to be 
sought for in biological connexion.s. 

I wish to tender my thanks to Dr. H. C. I. Gwynne-Vaughan for kind 
help and criticism during the preparation of this note. 

SfMMARV. 

I. Diandrous and triandrous flowers of Orchis purpurea, Hud.s. found 
in Kent are described. 

1. The extra stamens arc the transformed .staminodes. 

3, The staminodes in a normal flower have no vessels, but when they 
develop as fertile stamens they are provided with a vascular supply. 
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NOTE. 


the anatomy of the stamens in certain INDIAN SPECIES 

OF PARNASSIA. — The present note forms a su[)j)lcment to a paper on the 
stracLure of the androcciuin in Parnasna which appeared in 1913 in the ‘ Annals of 
Botany At that time the only members of the genus whose stamen-anatomy 
I had had the opportunity of examining were the European Parnassm palusim, L. and 
certain American species. However, since the paper was published, I have received 
through the kindness of Mr. G. II. Cave, Curator of the Lloyd Botanic Garden, 
Darjeeling, herbarium material of four species of Parrmua from the Himalayas — 
namely, P. ovata^ Ledeb., P. nuhnohi, Wall., and P. pusiHa, \^‘ail., from a height 
of 14,000 feet, and P. \Vi}fkliana^ Wall., collected at a height of 13,000 feet. 
1 desire to express my gratitude to Mr. Cave and also to Mrs. Howard of Pusa, and 
Mr. C. C. Calder, Curator of the Herbarium, Royal Botanic Garden, Sibpur, who have 
rendered it possible for mo to extend my study of ilie stamen-anatomy of Parnassia 
to the Indian species. The herbariunt material recei\ed was treated according to the 
plan descril)ed in my previous paper.* It was again found that by this metliod 
serial sections, showing ibe detailed anatomy of the stamens, could be obtained 
from dried flowers. 

P. nuhiiohiy P. P. o'\jia. and P. pusUla all belong to the Section 

Xictdrolrihbos of Diude,* whereas all the >petics studied in my previous p^aper were 
member!< of the Section Xntaro'irosou. It was thus of some interest to ascertain 
whether the Indian sptecies showed the same anatomical pieculiariiies as those which 
I have recorded for P.piilusirh and its allies, or whether those peculiarities were con- 
fined to the Section Ntdaro-.iroson. The conclusion whicli I have reached is that, 
ai regards the anatomy of the fllamem, these four Himalayan species closely recall 
those previously examined from other parts of the world. They present a series, 
which I regard as a reduction series, parallel with that which I have described in the 
.\merican species P. pmhnctia, Bank<. P. monUvwimy Fern, et Rydb.. and P.pani- 
/a?,DC.' 

PiV/iiisshi mibitoh, which is a weli-developed plani wiili rolatively large flowers, 
-hows features in tlie anatomy of the filament comparable with those observed in 
P.funln'ahi and P. pislus'ris, which it also resc-mbles in size and habit. The xylem 
ill the connective spreads and branches, while, in the filament below the attachment 
of the anther, the wood is roughly circular in transverse section, with jirotoxylem 
elements and sometimes a few ihin-walled parenchyma cells occupying an internal 

’ .\rbcr, : On tlie Siniclnre of the Aiulwciam in Parnassi-i and its Be.iring on the Affinities 
!''ftbe Genus. .\nn. Itoi., vol. xxs'ii, 1913. p. 491. 

’ Arber, A, : 1 . c., p. 492. '' 

’ Dnitle, 0 .: Ueber die Itlutbciigestahmig uiui die Verwandtschaftsvcrhaltnissc des Genus 
/'.H'Mc/w. I.iiinaca, 1 >i]. xxxis, N. F., ltd. v. iSp;, p. 314. 

* Arber, A. : 1 . c., pp. 493 7. 
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position. In herbarium material, the phloem cannot be recognized with certaiiit;, 
As regards the xylem, the bundle closely recalls certain forms assumed by the 
vascular structures in the filament of P. palusiris, as may be seen by comparing 
the figure of the present note with PL XXXVI. Fig, i of my previous paper. 
(In both these fi.gures the adaxial side of the stamen lies to the right of the diagram,) 
In the next species. P. WightiiVhx. the bundle is small, and, though the xylem 
opens out in the connective, no other sign of complexity can be detected, except that 
there are occasional indications of a centrally-placed protoxylcm in the filament. 
This Indian species has thus reached a stage of reduction in the stamen-anatomy 
comparable with that obtaining in the American form P. moyttmemis. 

In Pay yyassia and the minute species P. piisiUa, the bundle is very small, 

I have found no trace hereof the .anatomical complexity 
in the filament, which seems to be confined to the larger 
members of the genus with stouter stamens, These 
two species may thus be compared with the American 
form P.pjrviJiora, whose slender filaments are traversed 
by a simple bundle. It may be recalled that Hooker 
and Thomson ' have suggested that P. pusiHit and 
P. ovala may perhaps prove to he merely forms of 
P. nnhicda. If this were so. it would confirm the 
view that their stamen-anatomy represents a stage in 
reduction from the more complex type found in 
P. pa/yys/n's. P. fiyyylyry'ahy, and P. yyyilicohy. 

C^X. (aae. cfix. Since the presence of additional xylem elements 

on the adaxial side of the filament bundle has now 

Parytasstty ryuhicch, W all. recorded in three species belonging to two dif- 

Transverse section of xylem r. . ■ 

group in filament a short dis- lerent Sections of the genus P<yyyy<yssy{j^ and natives 

tance below insertion of anther. rfcpfctiveU , of Europe, .\merica, and .\sia, and since, 
ibc atiaxial surface of the sta- i . » i 

men would lie to the right ol in the only cases so far cx.imiiied in which this com- 

the duigrara. i/x. = centrifugal p)..xi[y is absent, the bundle mav reasonably bo re- 
xylem ; fx. =b ptcttoxviem ; ^ 

= centripetal xvlem.' , x 656.; garded as having undcigonc icduciion, we mny infer 
that ihc structure in question v.as probably char.Kter- 
istic of the common progenitor of the genus. As 1 have previously suggestci-i, the 
unique features observed in the anatomy of the androccium may be interpreted as 
indicating that the single stamen of /^^inussiu has been derived by reduction from an 
ancestral stamen-fascicle. 

AGNES ARBER. 

Balfour Laboratory, Cambridge, 

5, 1914. 

‘^Hooker, J. D., and Thomson, T. : Praecursorcs ad Hoiam Indicani. Journ. of Proc. 

Soc. Bot., vol. ii, 1858, p. 78. 




The Comparative Morphology of the Embryo and 
Seedling in the Gramineae. 
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With Plates IX and X and thirty-five Figures in the Text. 

T he embryo of the Gra.sscs is sufliciently unlike that of most Mono- 
cotyledons to render exact comparison difficult. Xo question arises 
concerning the stem-bud and primary root ; they arc par- 
ticularly clear in the Grass embryo, because it is more 
completely differentiated in the ripe seed than that of most 
Monocotyledons. But the parts which feed and protect 
them— the scutcllum, colcoptile, colcorhiza, and epiblast — 
retain these non-committal names because botanists are 
not j'ct agreed on their respective homologies. 

Before 187: the onlj’ evidence considered was the 
structure of the embryo within the seed, or immediately 
on germination. At that age the vascular ti.ssuc is not 
sufficiently differentiated to be traced with certainty. 

In 187’ Van Ticghcm published a paper in which he 
compared the vascular skeletons of many seedling Gramineae 
with each other, and witli those of certain other selected 
monocutylcdonous seedlings. He interpreted the structure 
of the embryo within the seed in the light of its later de 
vclopnient. In a subsequent paper (1897), the same author 
pursues the subject, rublishing no new figures, he accepts 
1 correction of fact made by Mi.s.s I.cwiii (’8/'), Bruns I '.td). 
and Schlickum ( but otherwise depends mainly on the 
tvkience published in 1S72. His interpretation of that 
evidence is, however, quite different. 

c- 1 • scclion. X iS. 

oince that date tb^ method then introduced by Van 
Ticghcm has been applied to seedlings from many familic.s, with a precision 
Wipossible before llic introduction of the microtome. Indications of race 
[Annals of Botany, Vol. XXIX No. CXIV. April, 1915.) 
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history have been traced in the vascular system of seedlings belonging 
to other monocotyledonous families, to Dicotyledons, and to Gymno- 
sperms.' The Grasses, however, have been neglected of late years, and we 
felt it desirable to repeat and extend Van Tieghem’s observations on them 
with improved methods, and in the light of wider experience. This task 
we began together at Reigate in 190a, but owing to various interruptions 

it has only just been finished. ^ , 

We wish to express our thanks here to Miss E. N. Thomas, D.bc., for 
permission to use her preparations, notes, and drawings of the Zingiberaceae 
(see p 209) ■ to Mrs. G. R. Taylor for the loan of her preparations from 
Triticnm and Hordcunr, to Dr. O. Stapf, F.R.S., for various suggestions 
and criticisms ; and to Mr. R. 1 . Lynch, M.A., of the Botanic Garden, 
Cambridge, for the gift of seeds and other material. 

Besides the various types of Grasses, wc have examined seedlings from 
other monocotyledonous families, choosing those in which the cotylcdonaiy 
sheath is a prominent feature ; and wc have continued a detailed study of 
certain seedlings belonging to the Zingiberaceae which had been begun by 
Miss Thomas in the laboratory at Reigate. Her observations on the 
course of the bundles in the cotyledonary sheath of Ekttaria .suggested 
to us an explanation of the vascular skeleton in the coleoptile of /li cmi. 
which has been confirmed by further research. We think that the vascular 
symmetry of the seedling in this genus approaches that of the Avena type 
in the Gramineae, and gives a clue to the homologies of seedlings included 
in the other type.s. 

Many of the conclusions which wc draw from these studies are identical 
with those of Van Tieghcm in 1872, of .Schlickiim m 1896, and others. 
We take a new view of the morphological nature of the mesocotyl, and this 
is perhaps the chief contribution which wc make to the theory of the mibject. 
The mass of evidence examined is considerable, and much of it is neii. 
We divide it under two head.s ; first the description of certain seedling 
types among the Grasses themselve.s, and then that of a few selected species 


> See Se.gnnt, E., l’rc«.l,.nlinl .\.Wre«. Section K, Ilolnny, Hrit. As®, Kei.orl, Uinnircbor 
1913, On pp. 703 nnd 704 will be found n li.d of references to |apcrs dcnlinj with tlic ' 

Angiosperms and Gjmnospcrms from an anatomical standpoint. 1 he lollowing addiliun.rl rc.c.u\,c 
raBV be ndded to this list ; 

Hill, T. G., and de Frainc, E. : A Consideration of the Facts relating to the Sliuc: ro o 
Seedlings. Ami. of Bot., vol. xxvii, pp. 257-72, four text-figs., 1913. 

Hill, T. G., and de Frame, E. : t>n the Glassification of Seed-Leaves. Ann. of I’lct., vol. 


II. Gomi'CGiist 


pp. 1914. 

l!ee, E. : Observations on tlic Sce'lling An.itomy f‘f certain Sympctalae. 

Ann. of Hot., vol, xxviii, pp. 305-29, thirteen text-figs., 191.4. 

Mellor, A, E. : The Seedling Stiucture of Dryas ociopctala. The X.Tliiralist, 191 1, pp' 3 '°“ ‘ 

six text-figs. , r, I 

Thomas, K. N. ; Seedling Anatomy of Ranalcs, Rhoeadales, and Rosales. Ann. oi 
vol. xxviii, pp. 695-733, two plates, forty-three text-figs., 1914. 
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from other Monocotyledons for comparison. But before describing our own 
researches, we will outline the points in dispute. 

The members of doubtful homolc^y are shown in the diagram of 
a seedling Avena (Text-fig. 2). The same parts are present in the embrj'o 
,vith the exception of the 


mesocotyl. This appears first 
on the elongation of the axis 
during germination (compare 
Text-figs. I and 2). 

In the young seedling of 
a hypogeal Monocotyledon, 
two members are distinguished 
externally : the cotyledon, and 
the main descending axis. The 
pluraular bud is present, but 
is commonly concealed within 
the expanded base of the coty- 
ledon. This expanded base, 
with or without an appendage, 
forms the sheath, which pro- 
tects the plumule during ger- 
mination. The apex of the 
hypogeal cotyledon becomes 
the snekr, absorbing food from 
the endosperm. Sucker and 
sheath arc u.sually connected 
by a stalk, which m.ay be very 
short or absent. For instance 
in Tip-idia (Text-fig. H. p. 81 
the seed appears to ding to the 
sheath, but on removal of the 
.seed-coats a short neck is found 
between sheath and sucker. 

The .scutcllum of Avena 
seems perfectly comparable 



with the sucker of Tigridia for 
example, and the colcoptile re- 


TFiXT-Hi'.. i, A:ina sathay 1.. Piigram of p.ut 
of very vownij in modian section. 


trembles such sheaths a.s those 


of 'Itgridia, Crmis, Cotchunni, and Elettaria. But in vlir/w and similar 
tonns, as in the Zea tx'pe al.so, scutcllum and coleoplile are separated from 
each other by the mesocotyl, which is sometimes very long (Text-fig. 1 8,p. 1 79). 
If litis u cre not so — that is, if throughout the Gramineae the colcoptile and 
.wutcllum were inserted on the axis at the same level (as in Hordemn anti 
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Triticnm, for instance) -botanists would probably have found no difficulty in 
considering the scutellum as the sessile sucker of the cotyledon, and the 
coleoptile as its sheath. Van Tieghem. indeed, did take this view in 187,^ 
.and justified it by a bold morphological fiction. _ He treated the whole of 
the axial region separating the insertion of the scutellum 
from that of the coleoptile as an elongation of the first 
node. On that hypothesis it could not be considered as 
belonging either to cpicotyl or hypocotyl, and Celakovsky 
in 1897 (p. 145) embodied Van Tieghem’s view in the term 
mesocotyl. We are using this term because it is convenient 
and generally understood, but we do not accept the hypo- 
thesis which gave rise to it. 

Awn view of the nature of the mesocotyl is founded 



Text-fig. 3. 
Jris psiudaco'ns, 
L. SeeiUing, life- 
sue. 





Text-fig. 4. 
Diagram of ima- 
ginary icei^ling.to 
illustrate how the 
stalk of the coly- 
don might fuse 
with the hypo- 
cotyl. 


on the comparative study of the v.ascular skeleton in Grass 
seedlings and in other Monocotyledons. The facts on which 
it is based will be described in detail later. Wc think, 
however, that they will be followed with greatci- case if we 
outline our hypothesis at once. 

The cotj-lcdonary shc.ith of Monocotyledons assumes 
many forms.’ The simplest case is that in which it is 
nothing more than the expanded base of the cotyledon 
wrapped round the plumular bud. This is very common 
in epigeal species, as in Alltntn. In liypogcal seedlings 
the expanded base is commonly transformed into a closed 
cylinder (Arum tnacn/irtion, L., I tratruni uigruin, I... fee, 
Another variant on this type is illu.stratcd by Irn pstn- 
Jacorns, L. (Text-fig. 3I, and Commeiina coclesth, Willd. 
(Text-fig. S 5 , p- -17). where the stalk of the cotyledon is bent 
sharply downward.s just where it begins to expand into 
a sheath. The effect is sometimes to form a sort of liood 
over the young plumule. 

But in other cases when the stalk is bent downwaids 
in this way, the hood is formcel by an appendage to the 
expanded base (Tigridia, Text-fig. S, p. ifi8. and EktUma,^ 
Text-fig. 30, 1 , p. 2 ic). Such a hood often suggests a p.ur 01 
stipules united along one margin or botli. Van 1 icghcni 
(7:T p. 271) distinguished this structure as the upper 01 
stipiilar sheath from the lower or basal sheath. Occasionally 
the latter is almost wholly suppressed, while the upper sheath 


is well developed [Kniphopa). 

Now suppose a seedling with a pronounced upper sheath to 1 > 
cotyledon, and no basal sheath at all, the stalk of the cotyledon pomt.ns 
downwards and in close contact with the axis (Text-fig. 4 )- If 
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stalk and axis to become completely united, the sucker will appear sessile 
on the axis at one level, while the sheath is inserted higher up. These are 
precisely the relative positions of scutellum and coleoptile in Avena. As 
far as external structure goes, the mesocotyl may have been derived in some 
such w'ay from a fusion of cotyledonary stalk with hypocotyl. What influence 
would such an ancestry be likely to have on the internal anatomy ? 

In such an ancestor the stalk, before it became fused with the axis, 
would contain at least one bundle ; and every bundle present would travel 
upwards within the stalk to the first node, where the sheath is also inserted. 
At the first node each stalk-bundle would enter the axis. After fusion of 
stalk and axis all the stalk-bundles would be enclosed within the same 
compound structure as the stele of the axis. They would to all appearance 
be traces lying side by side with the stele during this part of its course, and 
on reaching the first node they would enter cither the sheath or the stele. 
We have compared this imaginary skeleton with that of Arena, or rather 
with that of the Arena type, which we consider the primitive form of Gras.s 
seedling. 

The Arena skeleton is complicated, but its main features can perhaps 
be followed with the aid of a diagram (Text-fig. 6, p, 166 ). ’1 he scutellum is 
.sessile, and its single massive bundle turns upwards on entering the axis 
without joining the stele. Transverse sections through the mesocotyl show 
the scutellum trace outside the stele, and inverted with respect to it (PI. LX, 
Fig. 4 ). The invei ted trace is clearly double, having two groups of soft bast, 
and in older seedlings two formations of metaxylem also, with a single 
group of protoxylem elements. Here, then, is a trace out.-ide the stele of 
the mesocotyl, and travelling from scutellum to first node ; just as in our 
imaginary case a trace or traces travelled from sucker to first node side by 
side witli the stele of the hypocotyl. 

Reference to Text-fig. 6 shows that the scutellum trace divides into 
lu'O parts at the first node wliilc still outside the stele. The phloem group 
on cither side becomes a phloem group of the double coleoptile trace on 
that side, and half the xylem goes with it. Thus the scutellum trace 
ceases to exist at the first node, but each of its two halves maintains its 
identity within one of the two coleoptile traces. The other half of each 
coleoptile trace is supplied from the stele. 

The peculiar connexion between scutellum trace and coleoptile traces 
can be equally well described from above downwards ; that i.s, by following 
the coleoptile traces through the first node. 

Ihe structure of the first node is .symmetrical about a plane, which 
bisects the first leaf, and when prolonged downwards also bisects the scutellum 
Ir.acc and the scutellum itself. It is the plane of the paper in rext-fig. a. 
In Text-figs, ifi and J/.pp. 174 .and i/j, it is represented b\- the shorter axis 
of the elliptical diagram, which always bisects both se., the scutellum trace, 
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and also M, the midrib trace from the first leaf. The coleoptile bundles 
are bisected by the long axis at right angles to this. They enter the stele 
at opposite sides, and the adjacent plumular traces are inserted on them. 
Then each coleoptile trace divides. The phloem groups separate, one 
turning outwards and carrying some xylem elements with it, while the 
other continues within the stele, and meets the corresponding branch from 
the opposite coleoptile trace there. These united branches turn downwards, 
and constitute the bundles within the stele (Text-figs. 6, p. 166, and 16, p. 174), 
The outward branches meet too, but outside the stele. T ogether they build 
up the scutellum trace.’ 

The direct connexion between scntellnm trace and coleoptile bundles 
is the most striking feature in the Aveua type, and we have therefore 
searched for some special relation between sucker and sheath in the 
vascular structure of other monocotyledonous seedlings. The comparison 
which we think most instructive is with the seedling of Elettaria carda- 
nwmum, one of the Zingibcraccae. In this species the sucker of the 
cotj'ledon remains within the .seed, and is connected with the axis by 
a fairly long stalk. The sheath is partly above the insertion of the stalk, 
and partly below it. The stalk runs up to its insertion, and in that neigh- 
bourhood is commonly almost parallel with sheath and axis (Text-fig. ,5). 
The two bundles of the cotyledon are symmetrically placed within the 
stalk, the xylem of each being internal. On entering the sheath, however, 
they diverge to right and left. One travels upwards, and approaches the 
apex of the sheath before turning sharply down. The other turns down 
almost as soon as it enters the sheath (Text-fig. 5). In the end they enter 
the stele of the hypocotyl from opposite sides. The traces which separate 
them are plumular. 

We have constructed an imaginary vascular skeleton to link the 
symmetry of the Ai'cua type with that of KUttaria (Text-fig. 7). The 
stalk of the cotyledon contains two independent bundles. These enter 
the axis at the first node, where each turns outwards into the cotyledonary 
sheath, and then upwards within it. Near the apex each turns sharply 

' The vn^cular bkekton described above is that of the Aveua. iv^'e, ”cneralired from Ar ituJ and 
irc'in other ^'cnc-ra rescmblinj; it in sccdlinjj stniclure/noiabiy from Zizania. It differs in one 
uinioriant respect from the vascular skeleton o( Azena itself. In describing the latter we shall show 
la'.er on that the scutellum trace is directly connected with the >lclc by ainaasivc xykm arch (p. i^S - 
Wc h.aYc come to the conclusion th.it this feature is ad.ipiive, not piimiiive ; j^terhaps a device for 
'bppiyiiig the fciitdlum with water from the lower roots in the most direct way. For in Zizania, 
alilioiigh, as usual in .iii aquatic species, the whole xylem skeleton is very much reduced, it is still 
i.lcniK'al with that of Az'etia except in this one respect. Xo geiier.il reduction of xylem elements 
"ould accoiiiil lor the complete disappeamnee of a m.assive xvlcm arch between sculcllura and stele, 
but the submerged >culelliiin of Zizania neais no short cut to secure an adequate supp'ly of water. 
uik! ihis species has no lower system of cauUne roots. 

There aie some iiidepondciU grounds for considering Ziuinui as a genus with primitive features, 
I'lnicularly its lloral structure. 
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downwards, doubling on itself in such a way that in transverse section two 
double bundles appear on opposite sides of the sheath. When the down- 
ward bundles approach the first node they leave their companions and 
enter the stele among the plumular traces. 

This imaginary type X resembles Elettaria in possessing two distinct 
bundles in the cotyledon, which make an acute angle in the sheath before 
entering the stele of the hypocolyl from opposite sides. To derive it from 
Elettaria the stalk of the cotyledon must be iaserted on the a.xis rather 
than on the sheath : both bundles must approach the top of the sheath 
before they turn down, and they must double on themselves so closely that 

the upward and dow nward segments of 
each bundle are in contact throughout 
the upper part of the sheath. 

For such close doubling of a bundle 
there is a precedent in the seedling of 
Tigridia (Text-fig. 8, p. i68). A single 
bundle enters the sheath from the co- 
tyledon, travels up the dorsal spine of the 
sheath, and doubles on itself near the top. 
It appears in transverse section as a double 
bundle with two external xylem groups, 
dorsal and ventral, for some distance 
below the turn (PI. X, Fig. 15). This 
unusual orientation of xylem and phloem 
depends on the median position of the 
bent bundle in the Tigridia sheath, and 
would not occur in the lateral bundles of 
the X sheath, however closely each might 
bend on it.sclf. 

To derive the vascular skeleton of 
the Jxe/ta type from that of X. four 
modifications arc nccc.ssary. (j) The 
two bundles of the cotyledon must unite with each other throughout 
their course in sucker and stalk. Examples of such union are not 
uncommon among Monocotyledons.' The distinct bundlc.s of one species 
may be represented by a double bundle in another species within the same 
genus. (2) The stalk of the cotyledon must unite with the hypocot)’! 
so completely that the sucker appears sc.ssile on the axis at a level below 
that of the first node. Thus a mcsocotyl is formed by fusion of the 
cotyledonary stalk with part of the hypocotyl. 

* Sargant, E. (' 03 ', : A Theory ot ibe (.)rigiii t»l Monoculyletloiia louiuEd on the Siruttuie t i 
their Seedlings. Ann. of Bot., vol. nvii, pp. jo-i. I'yOJ. .SVr/Ar si/‘iru(i lias two stj'aralc bundle^ 
in the cotyledon, and S. peruviana a double bundle. Cf. also the case of Cokhitn'u xiiitiiriiidc 
mentioned below, p. 218. 



Tlxt-1 ig. S. Diagram of bumilcs in 
sucker and sheath of TigrUia. 
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The effect of these two structural alterations is that the stalk bundles 
are represented in the mesocotyl by a trace, distinct from the stele and 
parallel with it. The origin of this trace in Avena is suggested by its double 
structure and inverted orientation. 

(■;) In the sheath the upward and downward segments of each lateral 
bundle must be united to the very base. (4) The downward segments on 
entering the stele must fuse with each other to form trace rr (IV in Text- 

fig, 16, p. 174). 

These four modifications arc sufficient to transform the imaginary 
type X into a vascular skeleton, with all the features which we consider as 
essential to the Avena type. Three more would be necessary to complete 
the resemblance to the actual Avena seedling. The sucker of X must 
become the .scutellum of Avena ; the sheath-bundles must be capped with 
xylem elements ; and a xylem arch must be thrown from the scutcllum 
trace to the mesocotylar stele. 

All these characters arc in our opinion adaptive, and therefore of 
secondary importance for our present purpose. The greater differentiation 
of the scutcllum, as compared with the sucker, is closely related to the rapid 
growth of the Grass seedling in comparison with that of other Mono- 
cotyledons. The xylem caps to the coleoptile bundles arc doubtless organs 
for the excretion of water. We have already referred to the probable 
function of the xylem arch as a water-carrier. 

Our interpretation of the doubtful members of the Avena seedling is 
thus as follows : 

The scn/eltnin is the sucking apex of tlic cotyledon. 

The coleoplite is the cotyledonary sheath— perhaps equivalent to a pair 
of stipules. 

The mesocotyl is the fusion of the cotyledonary .stalk with the 
hypocotyl. 

The coleorhLa and the eptbiast we consider as outgrowths from 
Cotyledon or axi.s. or both, .and of little morphological importance. 

The reconstruction of the missing link .V, through which the Grass 
embryo and seedling arc connected with those of hypogcal Monocotyledons 
m general, is intended to demonstrate how the following exceptional feature.s 
of the Avena seedling may have arisen: the double scutcllum trace and its 
mr ersion : its indirect connc.xion with the bundles of the stele through the 
coleoptile tr.accs ; the double structure of the coleoptile bundles. Later on, 
thcjcconstruction of .V will be shown to throw light on the Xea type also, 
"ith its more specialized mesocotyl. 
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I. Comparative Anatomy of Grass Seedlings. 

A. Avena type. 

Awna saliva, L. The structure of the embryo within the seed is 
well known. Only such details as are important for our purpose need be 
described here. A median section is outlined in Text-fig. i, p. i6i. 

The scutellum is fleshy, but leaf-like in outline. It has a well-developed 
dorsal ridge (Text-fig. 13), and a ventral scale (Text-fig. 14). Whatever 
the morphological nature of this scale may be, its function is quite clear. 
The endosperm— which encloses the upper part of the scutellum like a cap- 
fits into the furrow between scutellum and scale, and ends there. Thus the 
plumule, which lies immediately below the scale, is quite clear of the endo- 
sperm, and is not impeded by it when growth begins. The scale is at some 



distance above the insertion of the scutellum on the axis, and the scutellum 
itself is prolonged below its insertion. 

The first region of the axis to elongate is the mesocotyl, but the 
primary root is the first member to show externally in the germinating 
grain. In Text-fig. 9, the primary root is an inch and a half long, while the 
tip of the stem-bud can hardly be perceived among the glumes. Two cauline 
roots from the zone of insertion arc also well developed. 

The mesocotyl bears the stem-bud enclosed in the colcoptilc, a stili 
conical sheath with a sharp point. In terrestrial Grasses the colcoptile 
serves to force a way upwards through the soil, while protecting the stem 
bud within it. 

^The mesocotyl may continue to grow for a considerable time. W hen 
grains arc scattered on the ground in the usual way, the ascending axi^ 
of each grows upwards as soon as it can get clear of the glumes, making an 
angle of about 90" with the long axis of the grain. The length of the 
mesocotyl is then very variable. Growth appears to cease when the base 
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of the plumule is in a position favourable for the cauline roots it throws out. 
In a seedling produced from a grain which had been planted with the 
glumes pointing upwards, the mesocotyl cea.sed to grow when it had just 
overtopped them. Two foliage leaves were expanded at that time, and 
a third was appearing from the sheath of the second. The upper limit of 
the mesocotyl was clearly defined in this seedling by the sudden increase 
in diameter of the epicotyledonary axis with its sheathing leaves, and also 
by the appearance of rudimentary cauline roots at the first node (Text- 
fig, 15). By this time the food reserves of the endosperm are exhausted 



Vig. ij, Fiy. j.^. Fi.;. I4. Fijj’. if. 

Tksi-i kis. 12-14. iviuti saliva. I . i’. \\holc fCtdluig, life-si/e. Fait of ijrain is removed, 

half scutclluin. 15. All gfnin removed. Scuteilum and adjacent parts from back, x 4, 
(4. bciitcllum from front, shosvin,^ ventral stale The scar pi. shows place whence plumule 

Ijfij ticon removed, x 4. 

Text- 1 iG. If. Avcmi saiiva, L- Fiom much older scedliny, which showed three leaves. Grain 
median region of axis allachcd. The mesocotyl is surrounded by the husks of the grain. 
Noiial roots show as rudiments, x 5. 

and the scutcllum is funclionle.ss. The young plant will depend in the 
future on it.s green leaves only for supplies of food, and these leaves are 
developing a root-.system of their own. The older root-system perishes by 
degrees ; the cauline roots first, and then the primary root. In time all the 
iower members of the seedling— scutcllum, mesocotyl, primary and insertion 
toots— having served their purpo.se. will di.sappear and leave the mature plant 
tooted at the first node. 

U e are concerned here, however, with the structure of tlie .seedling in 
>is early stages, before the epicotyledonary members have become functional. 
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At this period — that is, up to the time when the foliage leaves burst througli 
the coleoptile — the seedling may be considered as an expanded embryo 
Its ascending axis is the mesocotyl, crowned by coleoptile and stem-bud 
The scutellum is inserted at the base of the mesocotyl, just where it passes 
into the primary root or descending axis. From the zone of this insertion 
spring several caiiline roots (Text-figs. 9, 10, 11). 

In a seedling of this age the plumule must depend on the primary root- 
system until it has developed its own roots. The first two leaves draw their 
water at first from the lower roots through the mesocotyl into which their 
traces are prolonged. Similarly, they draw their proteid material from the 
endosperm through the scutellum. At thi.s period there is a great denurnd 
for proteids in the neighbourhood of the first node, for new members are 
constantly being formed there— the roots of the nodal system, rudimentary 
leaves at the growing point, and buds in the axils of the leaves. Hence no 
doubt the necessity for connecting the plumular traces directly with tin 
vascular system of the scutellum. Later on the green leaves will furnish 
a supply of proteids to this region by their own activity. 

The scutellum contains a .single mas.sive bundle, which follows the 
dorsal ridge and is equidistant from cither surface. It is circular or oval 
in transverse section near the base, but towards the apex it spreads out into 
a crescent which repeats the convex outline of the dorsal epithelium, 
Occasional short branchicts arc given off from the lateral wings, but they 
are not numerous, and they terminate at some distance from the epithelium, 
The carrying system is very well developed in tin's region of the scutellum, 
where the epithelium fringes both surfaces. On the whole, however, the 
outlying tissue is reached rather by lateral extension of the main bundle 
than by branching. 

The lignificd elements of the extended bundle arc scattered. They 
arc most numerous in the median zone, where they often appear as a band 
of lignified tissue with protoxylem elements at cither extremity. The 
bulk of the phloem fringes this band on the dorsal or convex edge. But 
groups of elements with thick contents, which probably represent phloem 
too, arc found among scattered lignificd elements on the ventral side of tlie 
xylem band. Lower down, where the bundle is oval or circular in outline, 
the xylem elements are collected on the ventral side of it, the phloem on 
the dor.sal. 

At the apparent insertion of the .scutellum, its bundle turns sharply 
upwards within the axis, but does not enter the .stele (Text-fig. h). Trans- 
vers^e section.s through the mesocotyl show the slender stele in the centre, 
and on one side of it;a massive inverted bundle - the scutellum trace 
(Text-fig. J 6, p. 1 74, and I’l. 1 \. Fig. j). They rim upwards side by side to 
the real insertion of the .scutellum at the first node. 

Throughout its upward course in the axis, the scutellum trace i.s clearly 
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double (PI- IX, Fig. 5). In seedlings of the age drawn in Text-fig. 12, p. 171, 
the two groups of soft bast can be distinguished very clearly by their 
contents. At thi.s period the vessels of the phloem are crammed with 
proteids, which they are conveying from the endosperm to the first node. 
The two groups of soft bast are injected as it were with thick contents, 
jhich take up most stains readily, and then appear in transverse sections as 
two highly coloured patches within the trace (PI. IX, Fig. i). They are 
separated from each other by a partial sheath of bast fibres, and by the 
xylem group. In serial sections through the mesocotyl of older seedlings 
the bast vessels of the scutcllum trace arc nearly empty. The two phloem 
oroups, however, are still defined by the greater differentiation of the bast 
fibres which partially .sheathe them. The xylem also is better lignified, 
and shows two metaxylem group.s with a common cluster of protoxylem 
elements between them (PI. IX, Fig. 3). 

In short, the structure of the scutellum trace is undoubtedly double 
as it .approaches the first node. Here it will meet traces from the coleoptile 
and plumule as they enter the stele of the mesocotyl. From this region 
also the plumular or nodal roots will be given off later, and their rudiments 
,ire present even in the youngest .secdling.s we have cut. 

The vascular complex .at the first node is best attacked from above. 
The stele of the mesocotyl is built up of traces from the plumule and 
coleoptile ; these must therefore be followed downwards until they are 
joined by the scutcllum trace. Considerable disturbance is caused at and 
near the node, by the insertion of cauline roots. 

A transverse section taken just above tlic first node shows twelve traces 
arranged as in Di,agram I. Text-fig. id, p. 174. Seven of the ten plumular 
traces (M ; /.,, ; //„ L'.^, //;,) belong to the first leaf ; three (;«, /,, 

/';) to the second. They arc arranged in two concentric circle.s. M and m 
are midrib traces, and tliey face each other on the same diameter. The 
coleoptile bundles /’ and P' are bi.'OCtcd by a line perpendicular to this 
diitmeter. 

The midrib trace . 1 / from the first leaf p.asses tbrougli the node 
unchanged. No other trace is inserted on it, nor docs it contribute vascular 
elements to an)- caulinc root. The midrib trace m from the .second leaf 
behavi.s differently-. It divide.s into two branche.s, one of which unites with 
the l.iter.d Irace.s A and /,,, the other with /'. and (Diagram II, Text- 
fig id, p. 1 741, This occurs at the very to]) of the node, just as the coleoptile 
traces /’ anti P' run into the stele. I'lic gap left by w is clear in seccral 
consecutive sections Ijelow this level. 

The union of /., with half of the three i>rincipal traces from the second 
leaf gives rise to a lateral plate of internal xylem .and external phloem. 

simitar plate is formed on the other side of .1/ by tlic union of L\ with 
file olher second-leaf traces. The steles of the two first-formed nodal roots 
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will be inserted on these two plates respectively. But in such seedlings as 
those drawn in Text-figs. 9 (p. 170) and 12 (p. 171), where the stem-bud is still 
enclosed in the coleoptile, these roots are mere rudiments in which the 
vascular tissue is not differentiated, and the lateral plates are so far 
embryonic too, that xylem cannot be clearly distinguished from phloem. 
Their presence, however, affects the mesocotylar stele even at this age, and 





Text-vig. 16. Aveva sativa, L. Striiclurc of axis in seetUinp about a^e of that ilrawn in 
fig. 12, p. I JT. Shown in a series of diagrams rcprr.^cnting transverse sections from above (low nw.irij. 
I. Ploraule snrronncied bycolcoptiic- I!. Top of first node. III. Hasc of lir.st norie. IV. Mc'occii}!. 

they are later of great functional importance. The anatomy of the young 
node is obscure until the .structure of these plates is thoroughly understood, 
and it is therefore worth while to describe them in an older seedling where 
they are better differentiated. 

In the oldest seedling examined, the third foliage leaf is just unfolding, 
and the second internode of the plumule is 2 mm. long. It i.s enclosed 
within the sheath of the first leaf, which is itself surrounded by the base of 
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the coleoptile. The internode contains a circle of twelve traces (Diagram I, 
Text-fig' 1 7) : derived from the second leaf (m ; /„ 4, 7, ; l\, l\, l\), and 

five from the third. The midrib of the third leaf is marked n in Diagram I, 
the second node seven traces from the first leaf enter the axis, and form 
an outer circle (Diagram III, Text-fig. 17). 




f, 

t 



ni. IV. 

Tkxt-i ig. 17 . Avena solhii, L. Piagrairiit from much olik-r seedling, showing base of plumule. 
1. becoml internofle. Axis sheathed by base of first leaf as well .as coleoptile. 11. Approaching 
second node. Ax 2 bud in axil of first leaf. Ilf. liase of first intemcnie. Axis sheathed bv 
colcopiilc only. A.x'i, bud in axil of coleoptile. IV. First node. A'/'., jV/'., root-plates. 

Tlic first internodc is undeveloped; there is no interval between the 
second and the first node. The upper limits of the two nodes are, hovicver, 
marked by the insertion of two lateral buds, Ax, in the axil of the first leaf 
(Diagram 11), and Ax^ in that of the coleoptile (Diagram III), Both 
buds arc embryonic, and do not yet receive any vascular elements from 
the stele. 
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Thus nineteen plumular traces enter the second node in a seedling 
of this age, as against ten in the younger one. Without following the 
course of the nine new bundles in detail, we may briefly say that they 
appear to fuse with one or other of the root-insertion plates. The midrib 
trace fi divides itself between them. The total effect is to add a massive 
layer of external xylem to both plates. 

Each now consists of two xylem layers with a thin .sheet of phloem 
sandwiched in between them. Elements of large lumen are characteristic 
of the .xylem. Their thickened walls are very well lignified, and they give 
a distinct character to the roottplates (PI. IX, Fig. 5). 

Three nodal r oots are commonly inserted on the two root-plates. The 
latest formed (fj in Diagram IV, Tc.xt-fig. 17) is also on the highest level. 
It appears behind i/. In the seedling from which the diagrams of Text- 
fig. 17 (p. 175) were taken, this root wa.s still r udimentary, but xylem elenicntj 
from both plates arc already moving round to the back of M to provide for 
its insertion. In older secdling.s the plates will clearly meet behind . 1 /, 
almost enclosing it irr a deep crescent or horseshoe. 

Two older r'oots, r, and r-, arc inserted lower down. One is attached 
to either plate, and their position is indicated by arrows in Diagram IV. 

The root-plates are continued down the mesocotyl in a rather .simplified 
form. Below the disturbance caused by root-inser tion.s, the xylem layer.; 
become single again, and appear in transverse section as two lateral chains 
of five to six large thick-wallcd elements with groups of smaller ones 
among them. PI. IX, Fig. 4 i.s drawn from a section not far below the 
first node, but the stele has almo.st assumed the ajrpearance which it will 
maintain throughout the me.socotyl. 

The mesocotyl ends with the insertion of three cauline roots, occupying 
the same po.sitions with regard to the stole as the nodal roots ,at the top of 
the mesocotyl. One is ventral — that is. given off from behind M — and two 
are lateral— external to the two root-plates. Their .steles arc all inserted 
on the root-plates, which thus serve to connect the two root-systems of the 
seedling. Below this level the mcsocotylar stele Is prolonged into thiii 
of the primary root, but the method of transition from stem to )00t 
structure is almo.st completely masked by the dLsturbance caused by root- 
insertion.s. The root-plates end with the mesocotyl. Some of their larger 
elements, p.ai ticularly those on the scutellum or dorsal side of the stele, can 
be followed into the stele of the primary root. 

Before leaving the .subject of the root-plates, we may obsei vc that tiic)' 
are built up at the node from the main traces of the second and third 
leaves, which are thus put into conne.xion with the nodal roots. But only 
two minor traces from the first leaf enter the root-plates ; the main lateral 
traces, as well as the midrib, arc independent of them, and connect the first 
leaf with the primary root and the rc.st of the lower root-system. 
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Returning lo the first node of the younger seedling, the midrib trace vi 
from the second leaf has only just divided itself between the embryonic 
root-plates when the coleoptile traces P and run in from either side. 
As they do so, traces and are inserted on P, and L' L' . on P', in 
a way which must be described in detail. 

The double structure of P and F is clearly indicated, particularly 
in the neighbourhood of the node. Each has two distinct groups of .soft 
bast (PI. 0 - young seedlings the common group of protoxylem 

only is lignified, but in older ones the metaxylem forms two distinct groups 
(PI. IX, Fig. J), and the protoxylem is often' torn away, leaving a ga]). 

As the coleoptile traces enter the stele, the two phloem groups of each 
arc separated by the xylem. One phloem group from P unites with that 
of /,j, the other with that of .Similarly the two phloem groups of F 
unite with those of i',^and //.respectively (Diagram II,Te.xt-fig. id,p. 174). 

The xylem of P divides. One branch turns inwards, that is towards 
the centre of the stele, and carries the xylem of L.^ with it ; the other — 
turning outwards— carries off the xylem of /,. The xylem of F behaves 
similarly, the inward branch sweeping off with the xylem of L’.,, and the 
outward one with that of (PI. IX, Fig. 3). 

In the end the ingoing xylem branches unite to form the xylem group 
,r., which thereafter occupies the gap opposite M, and becomes part of the 
mesocotylar stele. The corresponding phloem groups accompany the xylem, 
remaining external to it (Diagram IV, Text-fig. 1 6, p. 1 74). For some distance 
below the node the two phloem groups are seen in favourable preparations 
to be distinct, but before the transitional region is reached the)- commonly 
form a single group. Both xylem and phloem can be di.stinguishcd in good 
preparations from other tissues of the mesocotyl throughout its length. 

The outgoing branches of xylem from P and P' leave the stele 
altogether, and are followed by the phloem groups (| /’ + /.;) and (| P' + 
I.'.] respectively. United they form a double trace running downwards side 
by side with the central stele (Diagram IV. Text-fig. 16, p. 174, and PL IX, 
Figs. 4 and 5). The two phloem groups remain distinct within the trace 
until it approaches the scutelhim. There are two groups of metaxylem, 
divided more or less completely from each other. The common group of 
protoxylem is directed towards the periphery of the mesocotyl (PI. IX, 
Figs. 4 and 5). 

The trace thus formed loses its double character as it reaches the 
instilion level of the scutellum, and turns sharply upwards to enter it 
(Text-fig. i, p. 163). 

This account of the course of the bundles in the first node must be 
understood to give the ground-plan of its structure as observed in seedlings 
of different ages. In sudi a tangle of traces the junctions are not accom- 
plished with mathematical precision. For example, meta.xjdem elements 
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may enter the lateral root-plates from the plumular traces L,^ and 
though the bulk of their xylem — including all the protoxylem — unites 
with the ingoing branches of P and P respectively. A more constant and 
important modification of the ground-plan is the formation of a massive 
xylem-bridge between the ingoing and outgoing branches of P and P 
(Diagram III, Text-fig. 16, and PI. IX, Fig. 3). This bridge is very 
conspicuous in all the seedlings, and it must be slightly arched, for in 
serial sections followed downwards xylem elements commonly appear 
in the gap opposite J/ at a level higher than that in which the coleoptilc 
traces begin to divide. As no formation of this kind is found in Zizania, 
where the division of the coleoptile traces between the stele and the scutcl- 
luni trace is particularly clear, we are inclined to think that the formation 
of a xylem arch is not a primitive character. We have already (p. 16;) 
suggested a possible function for It in Arena — to supply the scutellum with 
water from the lower roots by a shorter path than would otherwise be 
available. In the aquatic Zizania this adaptation is unnecessary. 

The stele of the mesocotyl is now complete (PI. IX, Fig. 5). It is 
built up of the midrib trace M from the first leaf, of two plates (r;)., r/.), on 
which the nodal roots have been inserted, and of trace x, derived from the 
ingoing branches of the coleoptile traces. The root-plates when clear oi' 
the nodal roots lose their external xylem, but are always distinguished by 
a chain of large vessels. 

As soon as the nodal roots (r., r. in PI. IX, Fig. have differentiated 
their steles, they are in direct connexion through the root-plates with the 
main traces of the second and third leaves— already fully formed at tlut 
epoch. The first leaf is connected with the root-plate.s through a pair of its 
smaller lateral traces only (i, and Lf, and perhaps by a few stray xyltni 
elements from other traces as mentioned above. The main traces of the first 
leaf, together with a portion of each coleoptilc trace, pass down the stele 
of the mesocotyl into the primary root. We have already shown how 
the xylem arch puts the scutellum also into direct communication with the 
primary root and the lower cauline roots. Thus the scutellum, coleoptile. 
and first leaf are dependent throughout their lives on the lower root-system, 
consisting of the primary root and three insertion roots (Text-fig. 1 2, p. lyi). 
The second and third leaves are also connected witlt this lower root-.systcm 
through the root-plates, for the latter bear the insertion roots below as well 
as the nodal roots above. Indeed, since the nodal roots do not become 
functional until the .second and third le.aves arc unfolded, the.se leaves too 
draw water in their youth from the insertion roots. 

Little remains to be said concerning the lower root-system. Its relation 
to the mesocotyl has already been described. 1 he primary root is heptarch 
or octarch ; the insertion roots hcxarch or heptarch. 
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the Embryo and Secdlhig in the Gramimae. 

Avcna itself is, as we have already said, the most complete specimen of 
its type- Ziiania aquatica, L., the Manchurian VVatcr-Rice, deserves special 
attention on account of the simple structure of its first node, in which we 
think it approaches the primitive type. We have also described two other 
Grasses of the Avena type for comparison: Lolium italicum, A. Br., and 
[jrrsia orysoides, Sw. 

Zizania aqnatica, L. The fruits arc long and slender. They will 
germinate only while quite fresh, and when planted under water. The 
vascular ground-plan of the seedling is like that of Arena. The numerous 
differences in detail can generally be referred to 
the adaptation of Zizania to an aquatic habit. 

The endosperm of Zizania is scanty compared 
with that of Arena saliva, in which— as in all 
cultivated cereals — it is unnaturally bulky. The 
scutellum is like a linear leaf in outline. It is 
separated from the coleoptile by a very long and 
slender mesocotyl (Text-fig. iH, and PI. IX, 

Fig. (>)■ As in Avena, the scutellum trace runs 
upwards to the fir.st node side by side with the 
mcsocotylar stele, but is perfectly distinct from it 
throughout. 

The stem-bud is wrapped in a linear leaf-like 
coleoptile ; its margins united into a short tubular 
sheath at the base (PI. IX, Fig. 6). There is 
no stiff pointed cap such as lliat which protects 
the early leaves of ylvena and other terrestrial 
Grasses, But two bundles run nearly the whole 
length of the coleoptile, and. seen in transverse 
section, they occupy the same relative positions 
a.s in .Iveiia. and recall the two-nerved 'axillary 
sti|)ulcs found in some species of Polaniogeton.^ 

W e consider the mesocotyl of Zizania, like 
that of Avena, to represent a fusion of the cotyledonary stalk with the 
h; pocot)l. If we mentally reconstruct a form in which thc\' were .separ.tte 

* Cf, llic description by \i. Cossoii _Ni<lc siir la siipule et la j rtfeuille dans k* i;onrc 

(5.^-,, ■!?»/, ct consiikralions bur ces organcs dans les autrts raoiK^ci'iykcfi. Bull, de la 

Itol, dc France, t. vii, p. 715 , ; • Ka stipule, dans la plupart dcs est con- 

par un or^'ane indivis, mcmbrantiix, libie.de forme et de Icmgneur variable-*. bifi.re a rniisclie 
' V la fcuille, a face bUj'ciieiire regardant du meine ci'tc qwe la lace superieure de la ituilk* correspoii- 
'‘lii'e, ci eiiloiirant d une rnani'TC plus ou raoins complete la base de rentre-naiitl dc la lige. . . 
'-ftit btipnle axilhire pr^scnle. suitout dans Ws especcs a leuilles pt-aoUes. deus r.eivmcs presque 
psralklcs, saillaiilcs, geutTalcmciil cn forme <k' carene. placecs e-\actcmeut a la Uinile tin point de 
contact du petiole, Assez sriuvcnt celle stipule n'est bincrvice et bicnrn.ic que dans sa partie 
inftrieiire, et ([uebpicfois iiieme die n’esl nullcnient biiierviec.' 

N 2 , 
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members, we find them meeting each other and the coleoptile at the 
first node. Then the coleoptile of such a form would clearly bear the same 
relationship to its cotyledon as the ‘ axillary stipule of Potamogeton to its 
own leaf. 

The epiblast is membranous and very well developed (PI. IX, Fig. 
The primary root is less vigorous than that of Arena, and no cauline roots 
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Text-HG. 19. Zizania aqnatica^ L. Slnicture of axis in seedling shown in a series of cii.i^ram.t 
representing transverse sections from above downward, I. The coleoptile bundles /’and aic 
shown in the cortex. G= root-girdle; r,, r., r,, adventitious roots. II. The coleoptile biiaflle' 
are dividing and fusing to form the scutellum bundle sc. and the bundle -v, which passes down tlu 
mesncotyl in the stele. Ill and IV. Mesocotylar stele completely formed. M = inidiib oi 
first leaf. 

are formed from the insertion zone just above it. They are produced, 
however, at all the early nodes, which arc crowded together at the base ot 
the plumule. 

The scutellum contains a single slender bundle, running down the 
dorsal ridge to the zone of insertion. llere, as in Arena, the scutellum 
bundle enters the axis and at once turns .sharply upwards, travelling to the 
first node side by side with the stele. Throughout its course in scutellum 
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and axis the bundle is enclosed in an cndodermis. The single group of 
xylem is composed of a few tracheidcs, often hardly lignified at all. They 
are commonly annular, but occasionally spiral. In thescutellum the xylem 
nroup is turned towards the ventral surface ; in the axis it is inverted — that 
is directed away from the centre (Text-fig. 19, III and IV}. The phloem is 
massive throughout, but appears single except just below the node, where 
the trace is prepared to branch to right and left as it enters the stele. 

The structure of the first node is obscured by the formation of 
a vascular girdle (PI. X, Fig. 9), on which the cauline roots are inserted 
((Jin Diagram I, Text-fig. 19). The plumular traces lose their identity in this 
girdle, but some of them reappear just as the coleoptilc tracc.s P and P are 
entering the stele (Diagram II, Text-fig. 19). One trace is opposite the 
gap which opens to receive P and P, and must represent midrib M from 
the first leaf. 

Above the cylindrical base of the coleoptilc is a region where it shows 
In transverse section as a crescent on one side of the slcm-bud. Here the 
two bundles are symmetrically placed as regards the outline of the crescent, 
but not at either end of a diameter of the axis as in Avena. They both lie 
on the same side of this diameter ; that side which is opposite to the midrib 
of the first leaf At this level the xylem of each bundle consists of a few 
narrow elements but little lignified. In transverse section the outline of the 
phloem is almost kidney-shaped, but there is no definite division into two 
groups. This structure is continued downwards, and— w hen tlte coleoptilc 
traces enter the axis— preparations can be found in which the central 
xylem strand is seen to be bordered on cither side by phloem elements 
(Diagram II, Text-fig. 19). 

The colcoptile traces/* and P' approach the stele in opposite directions. 
The)’ commonly travel along the same straight line, which is approximately 
tangential to the circumference of the stele at the point where a gap has 
appeared in the root-girdle (Diagram II, Te.xt-fig. 19). Each has already 
split into two branches, one running outwards, and tlie other keeping 
nearly to the original line of approach (I’l. IX, Figs. 7 and 8). In the 
three younger seedlings examined, the inner braiicli of P on its way to the 
gap is seen to unite with the lateral plumular trace adjacent to it, and 
the inner brancli of P' carries off the corresponding trace on the other side 
of the stele. These junctions are masked in the two older seedlings by the 
insertion of numerous cauline roots. The inner branches unite to form 
trace x, which fills up the gap in the stele. The outward branche.s form 
the inverted scutcllum trace sc. (Diagrams II and III, Text-fig. 19 ; PI. IX, 
I'ig.s. 7 and 8). 

The reader will naturally conclude from tlie above description that the 
node of tcsemblcs that of Htr/rrr, except that its structure is less 
dear, and that this lack of clearness is due partly to the reduction of 
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vascular tissue consequent on the aquatic habit, and partly to the complica- 
tions introduced by the number of roots found at the first node, and by the 
formation of a vascular girdle on which they are inserted. On the whole 
this is true, but in one important character the nodal structure is clearer in 
Zizania than in Arena, namely, in the insertion of the scutellum trace. It 
divides into two branches before reaching the stele. Each branch joins 
a coleoptile trace. No xylem arch is formed as in Arena, and there 
is therefore no direct connexion between the scutellum trace and the stele, 
One or two xylem elements may perhaps be found by diligent search to go 
from one to the other, but the rule is that the scutellum trace divides itself 
completely between the coleoptile bundles /’ and P . The other elements 
of P and P' are prolonged downwards into the stele as the compound 
trace .r. 

When the mesocotylar stele is fairly formed, it contains the trace ,r 
derived from coleoptile traces, and a tr.acc opposite to it which probably 
reprcscnt.s . 1 /, the midrib of the first leaf (Diagrams III and IV, Text- 
Fig. 19, p. I bo). Tliere arc ;ilso one or two -xylem groups on cither side which 
probably correspond to the lateral xylem plates in Avena. These lateral 
groups become insignificant as wc descend the mesocotyl, and arc very .soon 
reduced to two — rarely three or four — lateral vessels of large lumen, placed 
symmetrically with regard to .1/ and ,v near the periphery of the stele. 

The mesocotylar stele is very little lignified, except just below the first 
node, and again in the region of transition to a root-structure. Even at thb 
lower level, very accurate staining is required to bring out the xylem 
elements at all in contrast to surrounding tissues. In two seedlings only 
among the five examined is it possible to make out the symmetry of the 
root-.rteles. In both cases that of the primary root is pentarch, with an 
inclination to become tetrarch by fusion of two xylem rays. The cauline 
roots are d to 10 arch. 1 he method of transition is obscure in all the 
seedlings. 

Thus the vascular structure of Zizania may be described a.s that 
of a slender /lrv/r<7, with imperfect lignification and no caulinc roots spring- 
ing from the insertion level of the scutellum. The imperfect lignification 
is, no doubt, connected with its aquatic habit. Whether the absence 01 
insertion roots is a consequence of this habit too can hardly be detci mined 
without observations on the grow th of Zizania under natural conditions. 

The most important anatomical character from nnr point of view ns the 
very clear way in which the scutellum trace is built up from portion.- 
of both coleoptile traces, and the absence of direct connexion between it a™ 
the stele of the mesocotyl. If the object of the xylem arch in Aveno be to 
put the scutellum into direct communication with the water-supply fmi" ^ 
lower root-.system (ante,\r 167), then the absence of this character is readily 
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understood. For as.the seed of Zizania will only germinate under water, 
the scutellum does not require special adaptations for rapid water con- 
duction. 

Leersia oryzoides, Sw. The three seedlings which we have examined 
jre all about the same age. The first and second leaves are free from the 
colcoptile, and the second is unrolling as it leaves the shelter of the first leaf. 
In this species the first leaf is reduced to a membranous sheath, but the 
second is a fully-formed foliage leaf. 

The species is aquatic, and the seedling re.scmbles that of Zizania 
in general habit. The chief points of difference, excluding the smaller size, 
are the reduction of the first leaf to a sheathing organ, and the formation of 
cauline roots from the insertion zone as well as at the first node. It will be 
seen that the anatomical differences between Leersia and Zizania are 
correlated to these external features. 

The coleoptile is open and unstiffened ; the epiblast leaf-like, and the 
mesocolyl slender. The primary root is developed much earlier than any 
cauline root, and is freely branched. 

The bundle of the .scutellum is slender. It enters the axis at the 
apparent insertion, and turns sharply upwards without joining the stele, as 
in all seedlings of this type. 

Just above the first node six lignified plumular traces form a single 
circle in the axis ; outside these are the traces from the coleoptile. The 
three traces from the second leaf are much larger than those from the first, 
probably because the second is a foliage leaf while the first acts only 
as a sheath. A xylem girdle is formed here, as in Zizania, in which the 
identity of all the plumular traces is lost. .A gap appears in the girdle just 
before the colcoptile traces have rcacherl the stele. They run in from either 
side along a tangent touching the stele at this gap. 

As the traces approach the stole, the xylem of each divides : one branch 
entering the stele, the other remaining outside it. The inward branches 
unite to form a xylem group within the stele, which does not long retain its 
identity. The outward branches meet outside. The phloem of each 
folcoptile trace is already double ; one group accompanies the huvard, 
the other the outwartl branch. Thus a double phloem group is formed 
within and without tire stele, but both become single almost immediately, 
fhe complete bundle outside the stele Is of course the inverted scutellum 
trace. As in Zizania it is not directly connected with the stele by xj-lcm 
elements. 

t he stele of the me.socotyl just below the first node is slender but r ery 
'veil dilferentiated. The cells of the endodermis arc thickened, e.specially 
on the inner and radial walls. The pcricyclc consists of a single row’ 
oflliickcncd elements, some of them lignified. The kiter xj-lcm plates of 



184 Sargant and Arber . — The Comparative Morphology of 

Avcna are represented by one or two large pitted vessels on cither side 
of the stele. Between them is a group of small well-lignified xylem 
elements common to the two phloem groups. This compound structure 
two phloem groups opposite to one another and divided by a common 
xylem group, represents the two traces AT and x in Avena. 

Lower down in the mesocotyl the stele loses in differentiation. The 
endodermis and pcricycle arc little thickened, and not lignified at all, The 
central xylem group i.s only partially lignified. The large lateral vessels 
arc comparatively well differentiated and completely lignified throughout 
their course, doubtless because — as in Arena — they connect the caiilinc 
roots of the insertion region with those of the node. 

The process of transition to a root-structure cannot be followed in 
any of our preparations, nor is the symmetry of the primary root to be 
made out. 

Lolium itah'ann, A. Br. In the two seedlings examined, the first leaf 
has lately emerged from the colcoptilc, but one of them is rather further 
developed than the other. The type is that of Arena, but the seedlings are 
smaller in every dimension ; the grain shorter in proportion to its breadth, 
and the axis more .slender. A small cpiblast is in.sertcd opposite the 
scutcllum, and at about the .same level. Caulinc roots are also formcii 
there, and they begin to show externally about the time when the first leaf 
appears, while at the same epoch the nodal roots arc still mere rudiments 
within the cortex. 

The bundle of the scutellum is single. Us xylem is massive, and 
gives off a few lateral branches near the apex. Below this, the xylem 
forms a ventral crescent embracing the phloem. At the insertion of the 
scutellum its trace enters the axis, and at once turns .sharply upwards, but it 
does not join the stele below the fir.st node. A transvcr.se section through 
any part of the mesocotyl shows the scutcllum trace side by side with the 
main stele, and inverted — that is to .say, the xylem of the scutcllum trace 
is directed aw'ay from the centre of the stele. 

At the fir.st node three pliiniular traces only can be followed with 
certainty into the stele of the mc,socotyl. They all belong to the first leaf 
and represent AT, Tj, and T.'.^ in A'rena. Five more arc present, though 
unlignified, above the cntr.ance of the colcoptilc traces; they represent /., 
and L\ from the fir.st leaf, and in, /,,, and from the second. They behave 
exactly like the corresponding traces in ^Irrna. m divides into two brandies 
whiejj travel to opposite sides of AT-, one uniting with 4 and /.j on the 
way, the other with /'^ and L',. But all these traces disappear before those 
from the colcoptilc run into the stele. In older seedlings they would 
doubtless persist, and then their connexion with the lateral xylem plates of 
the mesocotyl would appear. 
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Two other plunruilar strands are perceived in the stele for the first time 
IS the coleoptilc traces enter it. They represent Z, and £',. Trace P 
iiiake.s its way between Z., and Zj, and trace P' between Z'^ and L\, just 
as in Avena. Even the xylem arch is present, though far less massive. 

The large xylem vessels of the lateral plates make their appearance to 
right and left of M during the formation of the mesocotylar stele. At 
first they are numerous and poorly lignified. Lower down, where the stele 
has assumed its final form, each lateral plate coasists of three or four large 
lignified elements. 

The structure of the first node in tMium italkmn is very clear because 
the nodal roots arc mere rudiments without vascular tissue at an age when 
the stele of the mesocotyl is fully defined, and some of the plumular traces 
are lignified. The lower cauline root-.system is also tardy in development, 
and the transition from mesocotyl to primary root can therefore be followed 
better in the stele of LoHum than in that of Avena or Zizania. The 
details, however, are not very clear. In one seedling— the younger of the 
uvo— the xylem breaks up into four crescents, convex towards the centre. 
I'rotoxylcm elements are found at their extremities, and the result is 
a pentarch root-stele. In the older .seedling there are at first three xylem 
groups, not definitely creseent-shaped. Here, too, the stele of the primary 
root becomes pentarch. 


B. Zea type. 

Siiyghntii vnigai'e, Pers. The seedling, structure of this species is 
dearer than that of Zea, because the formation of cauline roots is delayed 
until the appearance of the second leaf, both at the first or plumular node, 
and at the insertion level. We have therefore chosen this species for 
detailed description, and it will represent the type named from the better- 
known genus Zea. 

The seedling dr, awn in Text-fig. 20 p. iXfi, has just reached the age 
when the first leaf is about to push through the slit near the tip of the 
coleoplile. This still sheathes the stem-bud, and is borne on a fairly long 
mesocotyl. The primary root is long and unbr.aiiched. There are as yet no 
cauline roots. 

Wc have examined the vascular skeleton of five seedlings, including 
that mentioned above. Two of the others arc younger, and two older, 
fhe oldest show.s two foliage leaves, but no cauline roots arc visible ex- 
ternally. The vascular structure in all five seedlings is singularly uniform. 

The scutcllum has a single bundle with massive phloem, but com- 
paratively little lignified xylem. In the upper part, branches are given off 
freely towards the dorsal surface of the sciitellum, which is covered by 
an active epithelium. In tHis region the xylem elements are .■;cattered 
about the periphery of the main bundle, but even here they are far more 
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frequent on the ventral side, and lower down — where branches are fewer— 
they form a ventral crescent. Still lower, no branches are given off from 
the main bundle, and the xylem elements are collected into a compact 
ventral group. 

The scutellum trace does not run up the mesocotyl side by side with 
the stele as in Aveiia or Zizania^ but enters it at once. Its elements, how. 
ever, can be followed within the stele above its insertion. Below that level 
there is a complex formation of xylem and 
phloem resembling that found in Avena in the 
region from which the lower cauline roots arc 
given off. The identity of the mesocotylar 
traces is lo.st in this plexus, which we have 
called the in.sertion plate. In the oldest 
seedling which we have cut, no cauline roots 
are formed at this level, but they may be 
present in seedlings older still. Below the 
insertion plate, the axis is abruptly transformed 
into the primary root. Above it, the meso- 
cotylar stele soon acquires its characteristic 
structure, and preserves it almost tinchangod 
up to the plumuhar node. For convenience 
we must first describe the complete stch 
above the insertion, and return later to the 
entrance of the scutellum trace, though this 
reverses the natural sequence of event.s. 

The whole stele is surrounded by a very 
well-marked endodermis. The internal wall 
of each cell in this layer is thickened and 
lignified ; but the radial walls arc little 
thickened, though more or less completely 
lignified (I'l. X, Fig. lo). Within the endo- 
dermis are at least two layers of thick-walled 
but unlignified cells. 

The va.scular tis.sue of the stele consists of three phloem centres, each 
defined internally by a xylem crescent, and externally by the thick-wallcd 
peripheral tissues. One of these phloem centres (J/) differs from the other 
two (/', P') in containing a single group of soft bast. The lignified xyloni 
crescent embracing this phloem group is broken, but clearly indicated. 
Its protoxylem elements (/.r.,.) are distinct, and nearer the centre of the stele 
than the rest of the crocent. At either extremity are one or two huge 
well-lignificd elements, but no trace of proto.xylem. The whole struciure 
forms a typical endarch bundle, which we call the median trace to 
distinguish it from the two lateral traces P and f . 



Ti:xi-no. io. Si/fghinn vul- 
:far£. Fe«. A. See'ilini', life-si2C. 
b. Upper part of same seedling with 
grain removed to show sculclluni. 
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Each of the lateral traces is separated from the median trace by an 
unthickened clement of very large lumen (rx., rx.) resembling the large 
vessels characteristic of monocotyledonous roots. No such element occurs 
between the lateral traces. They are separated by several layers of 
ordinary conjunctive tissue. In transverse section this appears as a broad 
pathway of clear tissue opposite the protoxylem of the median bundle 
(pX;.). Within this pathway, near the periphery, is a single lignified element 
of protoxylem ipx^.], to which we .shall refer later (PI. X, Fig. 10). 

The lateral bundles are alike, and each differs from the median bundle 
chiefly in the fact that its metaxylem crescent embraces two groups of soft 
bast instead of one. These groups are partially separated from each other 
by a projection of the peripheral thickened layers. A little group of proto- 
.sylem elements (px.^.), sometimes reduced to a single lignified tracheide, 
is common to both crescents, and at the extremities of both there arc large 
thick-walled vessels. .Such vessels are also found at the ends of the median 
crescent M (PI. X, Fig. 10). 

The characteristic structure just described is found in the mcsocotylar 
stele of the five seedlings examined. In all of them the scutellum trace is 
found to be connected with the lateral bundles only. Its scanty xylem 
is represented in the stele by the isolated element of protoxylem (px^.) 
already described as occurring between the two lateral crescents. It is not 
always easy to identify this .solitary element. When the thickening is 
annular, it can be picked out only in sections which include a ring or part 
of one, and the imperfectly lignified rings do not stain deeply. In three of 
the seedlings examined the whole mesocotyl, from insertion to first node, is 
included in a single series ; and we have satisfied ourselves that the chain of 
single protoxylem elements can be followed from one end of the series to 
the other. In the two remaining seedlings, the mesocotyl was divided 
before microtoming, and accordingly wc have two separate scries in each : 
one passing through the insertion of the scutellum, and a second— with 
different orientation — through the first or plumular node. The scutellum 
xylem within the mesocotylar stele is represented in both insertion series by 
a single peripheral tracheide, which is either spiral or annular, and is always 
isolated in the conjunctive ti.ssuc separating the lateral bundles. In both 
nod.il series a similar clcmoiu is found in the coric.sponding position, 
and successive elements can be followed upwards to the plumukir node. 

I he phloem of the scutellum trace is massive. It divides, travelling to 
right and left of its scanty xylem on entering the stele, below this level all 
traces arc confounded in the imsertion plate, but it is pretty clear that the 
.scutellum liacc contributes only a sh.irp elbow of tissue to this structure. 
Us real course ties up the stele, as already described for it.s xylem. The 
phloem branch on either side is absorbed in a lateral phloem centre ol the 
mesocotyl. During the junction there is no clear division between the two 
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groups of soft bast which constitute a centre. The outline of the double 
group is kidney-shaped, but the phloem elements of the scutellum trace 
seem to run chiefly into the nearer of the two s^ments. When these have 
finally separated, the xylem crescents are also defined, and the mesocotylar 
stele has asslimed its characteristic structure (PI. X, P'ig. lo). 

Thus the scutellum trace supplies a single isolated element of proto- 
xylem (px .^ .) to the mesocotylar stele, and also contributes at least half of the 
phloem to each of the two lateral centres. It does not account for all the 
lateral phloem, nor for any part of the lateral xylem crescents, and it 
is quite unconnected with the median bundle. 

Below the scutellum in.sertion the vascular symmetry of the mesocotyl 
is sharply separated from that of the primary root by the formation 
of a plate of vascular tissue. In the upper part of this region the phloem 
of the median bundle can still be traced distinctly. Opposite to it is 
a single phloem group, representing the elbow of the scutellum trace as 
it turns on itself. The massive xylem cresccnt.s which define these two 
groups internally embrace and nearly meet round them. The centre 
of the stele is occupied by a plate of metaxylem uniting the crescent.s n ith 
each other. This formation recalls a similar structure in the transitional 
region of Fritillaria mptriatis} L. It persists through a few sections 
only. Below these the phloem and xylem become inextricably mingled, 
and finally settle down into normal root-structure. 

The primary root is polyarch, with nine or ten xylem rays. Just 
within the protoxylem of e.ach ray is a single well-lignificd element of wide 
lumen. When cut obliquely it is seen to be a vessel with pitted walls. 
The ray commonly ends with this vessel, but sometimes a few smaller 
lignified elements lie next it on the inner side. 

In the centre of the root-stele are many xylem elements scattered 
among unthickened cells which probably represent conjunctive ti.ssue. 
These xylem elements are of different si/.e.s ; their walls more or Ics.s 
thickened, and more or less lignified. They do not form a continuous 
xylem plate, and are distinct from the rays. Among them arc always inn 
elements of very large lumen. Their walls arc only slightly thickened; 
but in the older seedlings e.xamincd they are completely lignified, and can 
be seen- where cut obliquely -to be uniformly pitted. Each is bordered 
by a single row' of small elements, mostly unlignificd, and some of them thin- 
walled. The two large vessels can be followed upwards through the insertion 
node, and are found to be continuous with those whicli separate the median 
bundle of the mesocotyl from the lateral bundles (rx. in I’l. X, Fig. to). 

Returning to the stele of the mesocotyl, its structure is slightly 

^ Sargant, E. ( 03, ; A Theory of the (.)ri£in of Monocotyledons, founded on the .Structure ut 
their Seedlings. Ann. of Bot,, vol. .wii, p. 24, and I’l, 111 , Fig. 4, 15,03. 
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modified as it approaches the first or plumular node. All its elements 
become less differentiated. The cells of the endodermis and conjunctive 
tissue just below the node are little if at all thickened ; the xylem is less 
lignified. In particular all the vessels of large lumen become quite thin- 
ivalled, and are apt to appear crushed in transverse section. Two phloem 
aroups are found in the median trace, so that but for the two sentinel 
vessels {rx.) there would be some difficulty in distinguishing the median 
from the lateral bundles. 

At the node a number of plumular traces combine with the two traces 
from the coleoptile to form the stele of the me.socotyl. In none of these 
traces are any elements of wide lumen present, such as those which extend 
from the root upwards through the mesocotylar stele. All such elements 
appear suddenly just below the node. 

The coleoptile bundles are distinctly double (PI. X, Fig. ii). Each 
consists of two phloem groups embraced by a common xylem crescent. 
In places two groups of protoxylem are indicated, corresponding to the two 
phloem groups. At the node the coleoptile bundles run in from opposite 
sides of the axis in a straight line, which is perpendicular to that bisecting 
the midrib of the first leaf. The xylem groups of these bundles meet 
in the centre of the axis, forming a bridge across the node (PI. X, Fig. 12). 
The phloem groups of each bundle .separate, and one runs in on either side 
of the xylem. 

In the youngest seedling cut, numerous plumular traces are differentiated 
just above the node. Of these, ten possess at least one lignified xylem 
clement. Five lignified traces are on one side of the xylem bridge, and five 
on the other. The stele is not quite symmetrically divided however, as on 
one side the traces arc larger than on the other, and more unlignified strands 
,ire present. The median trace in the larger segment represents the midrib 
of the first leaf ; it is commonly the largest trace, and always the best ligni- 
fied. Though at one point its .xylem just touches the xylem bridge, 
it forms a centre independent of the coleoptile traces. Several unlignified 
strands arc inserted on it at the node, and tc^cthcr they form the median 
bundle of the mesocotylar stele (. 1 / in I'l. X, Fig. ic). Of the bundles on 
the .same side as the midrib trace, several of the strands, and all four ligni- 
fied traces, arc inserted on the coleoptile bundles ; and so are all the 
traces— lignified and unlignified — on the other side. 

In the older seedlings thenod.al .structure is essentially similar, but the 
discrepancy in number and size of the traces on cither side of the x) lcm 
bridge is greater. 

The coleoptile traces form the lateral bundles of the mesocotylar 
stele. The two phloem groups of cither lateral bundle arc derived from 
those of a single coleoptile trace. The xylem bridge breaks up into two 
groups, each of which — supplemented by the large vessels derived from the 
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root — forms a lateral xylem crescent. The single element /.v,., which 
becomes visible in the peripheral gap between the lateral traces, is derived 
from the xylem bridge too. 

The vascular elements of the mesocotylar stele in Sorghmn are thus 
derived from three di.5tinct sources : 

1. The phloem of the median bundle (M in PI, X, Fig, to), and most 
of its xylem, is plumular ; for it is derived from the midrib of the first leaf 
and the plumular traces inserted on it above the node, 

2. The phloem of the two lateral bundles, and much of their xylem, is 
derived from the coleoptile bundles, and the numerous plumular traces 
inserted on them. The symmetry of each lateral bundle reproduces that of 
a coleoptile bundle; there are two phloem groups and a common xylem 
crescent in one as in the other. The single element /ta;, . {PI. X, Fig. lo) also 
comes from this source. 

3. A certain number of large xylem elements, forming part of the 
lateral crescents, are derived from the root-xylem and disappear at the 
node. In particular the two ‘ sentinel ’ vessels (e.r., rx., in PI. X, I'ig. lol, 
which divide the median from the lateral bundles, can be traced throughout 
the mesocotyl into the root. 

Comparison of Sorghum seedling xoith that of Avena. 

There is of course no doubt as to the complete homology of scutcllum, 
coleoptile, and primary root in the two seedlings. The real question 
is whether the mesocotyl of Sorg/tnm i.s homologous with that of rleeiw. 
If it is not, what member or members of a typical monocotylcdonou.s seed- 
ling doe.s it represent? Wc have already explained that we consider the 
mesocotyl of Avena to represent a fusion of the cotyledonary stalk with the 
hypocotyl (ante, p. 16 j). If. on the other hand, the mesocotyl is morpho- 
logically equivalent in both seedlings, how account for the differences 
in v.ascular anatomy? 

Adopting the latter view, we believe that the mesocotyl of Sorghum i< 
equivalent to the mesocotyl of Arena, and wc have therefore to explain it.s 
anatomy on that assumption. The mo.st obvious difference is that in 
Avena the scutellum trace joins the stele of the axis at the top of the 
mesocotyl ; that is, at some distance above the apparent insertion of 
the scutcllum. Between these two levels the scutcllum trace runs upwards 
in the cortex of the mc.socotyl ; side by side with the .stele, but quite 
di.stinct from it (Text-fig. 6, p. 166). But in Sorghum the scutellum trace goes 
straight to the stele as soon as it entens the axis; the real insertion ap|)i:ars 
to lie in the same plane w ith the apparent. Our explanation is tliat the 
fusion of stalk and hypocotyl has proccetlcd further in Sorghum th.iir in 
Avena-, the cotyledonary trace in the former runs up to the plumular node 
soiihin the stele, not outside it. 
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VVe have attempted to explain the vascular symmetry of the Avena 
seedling by supposing that the scutellum trace divides at the plumular node ; 
that one branch runs up one side of the coleoptile, doubles closely on itself 
near the top, and runs down again, thus forming one of the double coleoptile 
bundles. The other branch does the same on the other side. When they 
reach the plumular node again, each downward branch plunges into the 
stele of the mesocotyl. Here they unite to form a compound bundle 
opposite the midrib trace M (PI. IX, Fig. 4, also ante, pp. 167-9, and 
Te.xt-figs. 6 and 7, p. 166). To e.xplain the vascular skeleton of Sorghum in 
the ■sam'e terms, we must consider the solitary clement pXy as representing 
the xylem of the upward scutellum trace in Avena, and the two phloem 
(jioups adjacent to it— within the lateral xylem crescents— as its phloem. 
At the plumular node all these structures arc seen to be connected with 
half of each coleoptile trace, just as in Avma ; while the remaining phloem 
erroup within each lateral crescent belongs to the other half of the corre- 
sponding coleoptile trace, and can be traced downwards through the 
plumular node into the stele of the mesocotyl. 

Those who adopt this view will find that the chief difficulty to be 
faced is the existence of an insertion plate at the point of junction of 
the scutellum trace with the stele. For if the scutellum is identified with 
the cotyledon, the level where its trace is inserted on the stele would 
appear at first sight to be undoubtedly the cotj’ledonary node. But then 
the mesocotyl of Sorghum would represent the first internode of the main 
axis, and thus is contrary to our hypothesis. N'or is it consistent with our 
observations, for we have shown that the structure of the upper or plumular 
node of Sorghum is strictly comparable with that of the first or plumular 
node in Avena, where the scutellum trace first unites with the stele. On 
the other hand, the insertion ‘ node ’ in Sorghum resembles with equal 
fidelity the region in Avena where the lower cauline roots arc given oft. 
We therefore prefer to use the term ■ insertion plate ', and we continue 
to regard the node where the coleoptile tr.accs enter the stele as the first 
node of the axis in Sorghum as in Avena. It is strictly comparable in our 
opinion with the node which in <a typical Monocot)'ledon divides the 
hypocotjd from the first internode of the plumule. 

Zea .Uaj's, L. We h<ave already described and figured the ramifications 
of the single bundle in the upper part of the scutellum (Sargant and 
Robertson ('Oj)). We may therefore begin here with the structure of that 
bundle near the base, just before it enters the axis. At this level it is oval 
in tiansvcr.se section, with massive phloem (Text-fig. -i, p. ipt). Its .xylem 
is compact and well-lignified. The xylem divides into three parts while 
passing into the axis, and the phloem into two. The lateral branches of the 
xylem enter the two cauline roots which arc inserted between scutellum and 
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axis — the ‘ wedging ’ roots as we have called them ( 1 . c., PI. V, Figs. 6-9, r'| 
The median segment is the most slender of the three. It goes straight to 
tlie axial stele, and at once turns upwards within it. The two phloem 
strands accompany the scutellum xylem, one on either side of it. Each 
gives off a considerable portion to the stele of the nearer wedging root on its 
way to the axial stele. Thus the scutellum xylem enters the latter with 
a phloem branch on either hand, and they turn upwards side by side 
with it. 

These three strands, one of xylem and two of phloem, can be followed 
from their entrance into the mcsocotylar stele upwards to the first node in 
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two seedlings. Both of them are young, with the stem-bud still completely 
enclosed in the coleoptilc. The caulinc roots which will be produced later 
from this node are not present even as rudiments, though a band of mcri- 
stem partly enclosing the stele suggests the formation of new member.^ 
there. So far, indeed, the youth of the .seedling is an advantage, since 
it allows the primary structure of the node to be followed without the com- 
plications introduced by root-insertions. But on the other hand the 
mesocotylar stele is very imperfectly differentiated at this age. After very 
careful inspection of these two complete scries, and comparison with 
several partial ones from seedlings of the same age or older, we found 
certain landmarks within the stele which enabled us to interpret its structure 



the Embryo and Seedling in the Gramineae. 


193 


„ith a faif degree of probability. Only after comparison with the allied 
case of Sorghum, however, which in some respects is much more favourable 
for observation, were we fully convinced that this interpretation was sound. 

The first fixed point is the little group of protoxylcm elements, some- 
times even reduced to a single annular tracheide with a phloem group 
on cither hand, which represents the xylem of the scutellum trace. In the 
diagram (Text-fig. 3i) it is marked px^, and the double bundle consisting of 

and the adjacent phloem strands is called sc., because it answers to 
the upward scutellum trace in Aveua. In series which include the 
scutellum insertion, this group {px,) can of course be determined with 
absolute certainty. But even in an isolated section of the mesocotyl, 
the group px, can be picked out, partly by its position near the periphery 
of the stele, and with still more certainty by reference to a second fixed 
point, the midrib trace from the first leaf (,V). In Zea Mays, as in the 
other Grass seedlings examined, the midrib of the first leaf is prolonged 
almost unchanged into a trace which can be followed with certainty 
throughout the mesocotyl. It lies a little nearer the centre of the stele than 
the other trace.s, and its xylem is better lignified. The group /jj is always 
at the further end of the diameter bisecting M. 

The rest of the stele is symmetrical with respect to this diameter. 
The phloem group on either side of /.r, is followed by another phloem 
group resembling it. Internal to the pair of phloem groups thus lying on 
one side of px\ is a wedge-shaped area, over which are scattered xylem 
elements more or loss completely lignified. A similar area is found on the 
other side. The two wedges (.r, x in Text-fig. ii) are separated b)’ a lane 
of clear conjunctive tissue, closed at the peripheral end by px^, and between 
the apices of the wedges by another little group of protoxylcm elements 
[fixX Thus the diameter m n, which bisects .1/, also passes through three 
distinct protoxylcm groups : px.^ belonging to M-, px.. common to the two 
areas .v. x ; and /.r, belonging to the scutellum trace. 

The numerous lateral plumular traces lie near the periphery of the 
stele. They occupy the two arcs which arc bounded by M on one side, 
and on the other by either extremity of the cotyledonary bundles which 
face it. They are best defined in young seedlings by their phloem groups, 
for only a xj lein clement here and there is sufficiently well lignified to show 
up clearly in transverse section. Nevertheless, the existence of such 
dements within the larger phloem groups shows conclusively that the 
lateral traces from the first leaf are endarch, like their medium trace M. 

Between the phloem groups of plumular and cotyledonary traces alike 
are large elements, lignified in older seedlings, which clearly correspond to 
the root xylem found in the mesocotyl of Sorg/iiim. They extend in places 
to the periphery of the stele. Since these are by fat the most conspicuous 
Xylem elements present in the section, and since among them the smaller 
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elements are commonly external to the rest, it is not surprising that the 
mcsocotylar stele of '/ca has been described as root-like.' This is, however, 
a mistake. The plumular traces, as well as those connected with scutellum 
and coleoptile, arc certainly of the usual stem-type ; that is, their .xylem is 
centrifugal, and internal to the phloem. 

We have now described the anatomy of the mcsocotylar stele near its 
base, and its connexion with the scutellum trace. Following it upwards, 
we find some changes in a transverse section taken just below the first node, 
Much of the root xylem has died out, and what is left is thin-wallcd 
and unlignified. The two phloem bundles on cither side of /.r, (/>//„ /i/;,, 
///j, and pU^ sometimes divide into three or four groups. In one seedling 
two small groups, one on either side of px^, appear to represent a pair of 
minor plumular bundles whose insertion on ///, and/// j respectively has been 
delayed for some distance below the node. The two or three groups beyond 
them represent ph^ and ph., on one side, and ph\ and/// on the other. 

Here, as in Sorghum, the first node is most easily described from 
above downwards. The plumular traces arc very numerous, even in these 
young seedlings, but mostly small and unlignified. The midrib M of the 
first leaf can be traced with certainty through the complications of the 
node into the mcsocotylar stele. The other traces anastomose with each 
other, and most of them finally settle down into the single semicircle shown 
in Text-fig. 21. A few insert themselves on the coleoptile traces at or near 
the node. 

The coleoptile traces themselves arc clearly double, with two well- 
marked phloem groups side by side, and groups of xylem internal to both, 
There is a common group of protoxylem, and lignification of the metaxyleiii 
seems to start on either side of it, suggesting that in older seedlings the 
metaxylem will be in two groups like the phloem. The traces do not 
divide until they have entered the stele. They approach each other from 
opposite directions in the same straight line ; so that the two larger xylem 
branches, maintaining their original direction, meet to form a ni.issive 
xylem bridge, which divides the circular stele into two unequal segment,? 
The two smaller xylem branches bend outwards, .-iml meet ahnost at onco 
to form the peripheral protoxylem group /a,. 

Wc have already described the mcsocotyl just below the node in one 
seedling. In this instance the two phloem groups of each trace, together 
with the plumular phloem inserted on them, give rise to three or four 
groups in the stele just below the node. Lower down these unite to foim 
the,two groups phi,pho, on one side of /.r,, and pli\, ph'.^, on the other. c 
do not doubt that the two groups in each pair represent the two phloem 
groups of a single coleoptile trace, but they do not seem to maintain their 

r Sclivllenbeur and Kirchntr in Kirchner, O. von, Lonw, It,, ami Srhroter, C. (o?-l. , 

p. 2,.l. 
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independence completely throughout the nodal region. In the two other 
seedlings from which we possess complete scries of sections through the 
first node, the phloem groups of each colcoptilc trace seem prolonged into 
two groups in the mesocotyl, and to remain fairly distinct during the 
complications of the first node. 

Thus in Zca, as in Sorghtmt, the scutellum trace can be followed from 
its entry into the stele upwards to the first node, where it divides. Each 
branch forms half one of the colcoptile traces. The other half is prolonged 
downwards into the stele of the mesocotyl, and is found throughout its 
course side by side with the upward scutellum trace. Thus from first node 
to scutellum insertion, a transverse section shows the double scutellum 
trace, with a trace derived from the colcoptile on either side. Below the 
scutellum insertion the main axis becomes the primary root. The transition 
from the stem structure of the mesocotyl to the characteristic structure 
of the [irimary root is masked by a very complicated insertion plate. 
When the stele emerges from this region it is completely root-like. 

Coix I.acryma-Johi, L. Of the four seedlings cut, only one is so young 
that the first leaf is still enclosed in the colcoptile (Text-fig. 22, p. 196). In 
the other.s, two leaves have unfolded. The first (£,) is only sheathing ; 
the second (i.) is a foliage leaf (Text-fig. 23, p. 196). 

The scutellum is fleshy and wrapped round the axis. Its apparent 
insertion is prolonged for .some distance, but Uie single massive bundle 
enters the axis almost at once, and often joins the mcsocotylar stele above 
the level at which its structure becomes obscured by the entrance of steles 
from the insertion roots. In such cases the .\ylem and phloem of the 
scutellum trace can be followed up the main .stele with some accuracy. 

From apex to insertion the scutellum bundle branches freely, and 
even a.s it enters the axis branches are still given off to supply the lower 
part of the organ. The main trunk becomes amphivasal from constant 
insertion of branch bundles, and is still amphivasal at its junction with the 
axis. The external xylem on its dorsal and lateral faces enters the down- 
ward branches for the most part, and the main bundle carries nothing but 
its compact mass of ventral xylem into the mesocotyl. 

The phloem of the scutellum bundle i.s .sometimes clearly double and 
always massive. Its outline in transvcr.se section is kidney-shaped, at anj- 
rate near the insertion ; the concavity occupied by ventral xjdem. On 
entering the axis it approaches tlic stele very gradually, so that a section 
just above their junction may cut both scutellum trace and stele almost 
transversely. 

In such a section the ventral xylem group of the scutellum trace 
is easily recognized on it.s upward course in the stele (/'.ly in Text-fig. 24, 
P- 197)' I he phloem groups on either h.and (///, and />//,) represent those of 
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the trace. The identity of with the scutellum xylem can be demonstrated 
by following sections downwards. That of phloem groups //;, and pK 
with the scutellum phloem is not quite so clear, becau.se during the trace- 
insertion, and for some di.sfancc above it, the limit between />//, and pk, on 
one side, and that which divides ph\ from ph’., on the other, is confused. 
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TEXT-FIC,. 22. Co/.r Z. 2 - 
cryma-jebi, L. a. Outline of 
youn^ seedling, life-size. H. 
Husk of grain removed to 
show endosperm, c. Endo- 
sperm removed to show scu- 
tellum. 



'fKXT-MU.23. Coix Luiryitia-Jobi^X.. a. Out- 
line of older seedling, life -sire, if, Scutellum 
and adjacent parts, life-size. C. Endospirni 
from hack, x 2. n. Endosperm from frfini. 
X 2. K. Scutellum from shle. x 2. v. ScU- 
tellum Irom front, x 2. 


Starting from ytr, as a fi.xed point, the structure of the mcsocotylar 
stele is easily deciphered by reference to that of Sorghum and Xcu. It is 
adequately shown in all four seedlings, .and is syinmeltical about lilt 
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diameter which passes through pXy This diameter cuts the similar group 
ytfj, which lies on the other side of the centre, but nearer to it than pXy As 
in Sorghum and j^ea, px.^ represents the protoxylem of midrib trace M, and 
is similarly situated. But Coix differs from Sorghum and Zea in the 
absence of an intermediate group of protoxylem on this diameter (px,^ 
in Text-fig. 2i). We have interpreted this group in Sorghum and Zea as 
common to the two groups of metaxylem on either side of pXy In Coix 
each of these metaxylem groups has its own group of protoxylem, placed 
just within it, at a considerable distance on cither side of the diameter 
of symmetry. The two groups arc marked px.^ and px'.^ in Text-fig. 24. 
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The contribution of the scutclliim trace to the stele of the mcsocotyl is 
therefore the protoxylem group /.v,, and part of the two phloem crescents 
on either side of it. When c.rch crescent settles down into two distinct 
groups,///, and ph., on one side,///', and ///'.^ on the other, it is natural to 
identify ///, and p/t'., witli the two halves of the scutcllum phloem. The 
other constituents of the stele cannot be identified until they h.avc been 
followed to the first node. 

We hav c .series through the first node from two seedlings only, but 
both of them arc complete and well differentiated. Some obscurity is 
introduced by the insertion of three caulinc roots, but the midrib trace M 
can be followed into the stele of the mcsocotyl, and the general course 
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of the coleoptile traces laid down. The latter behave, on the whole, very 
much as in Sorghum. They appear to give rise iopx^,px.,,px' ; to the two 
xylcni groups xy, xf ; and to the phloem groups ph^, ph.^, ph\, ph ’ Buj 
minor plumular traces are inserted on them at critical moments, and further 
complications are introduced by the formation of cauline roots in the 
neighbourhood ; hence the whole process is obscure, and would hardly be 
explicable but for comparison with Sorghum, 

No massive xylem bridge is formed by the union of coleoptile traces. 
A few elements of protoxylem are pushed forward from either side, and 
meet in the centre. There they are joined by similar elements from the 
midrib trace M. The mass of xylem elements in both traces stop far shon 
of the centre, and form the two groups xy, .xy with tlieir internal protoxylem. 
The central group remains undivided for a very short distance, then it splits 
up into and/.r^ (Text-fig. 24, p. 197). 

Except for the temporary union of its protoxylem with px^, the midrib 
trace M preserves its independence. A number of minor plumular traces 
are inserted on it at the nodes. In Sorghum, as described on p. 190, this 
trace is the only purely plumular element in the mcsocotyl. In /,ca, 
on the contrary, there are numerous plumular traces on either side of 
it. Coix is intermediate in this respect. One or two plumular traces appear 
to be prolonged into the mesocotyl on either side of M. About half the 
stele is derived from plumular traces ; the other half from cotyledonary 
(Text-fig. 24, p. 197). The ground-plan of the mesocotylar stele is essentially 
the same in all three genera, but Coix exhibits one feature — the separa- 
tion of px., from px'., — which, in our opinion, is primitive. 

Cauline roots arc given off from the insertion zone as well as at the 
first node, and also at intervals along the mesocotyl. Wc were not surprised 
to find the elements characteristic of root .xylem very well developed 
throughout this region. It is arranged with some regularity, as shown 
in Text-fig. 24, forming bays and crescents internal to the phloem. 

Enchlaena moxicana, Schrad. Wc possess but one scries of sections 
from this species. It pa.sscs through scutcllum and base of mcsocotyl 
downwards to insertion zone and primary root. The mesocotylar stele 
resembles that of Coix ; but the insertion of the scutellum trace uii it is 
much clearer, chiefly owing to the absence of cauline roots in this region. 
The two phloem groups in the scutellum bundle arc quite distinct, and they 
enter the stele of the mesocotyl on cither side of the ventral xylem. As 
these phloem strands pass up the stele they remain distinct from adjacent 
strands, and can therefore be identified with certainty .is belonging to the 
scutellum trace. 
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Comparison of the Zea type ■with the Arena type. 

In these two types the scutellum is inserted at some distance below the 
frst node. The region of the main axis which separates them has been 
called the mesocotyl. 

In the Avena type the scutellum trace on entering the axis turns 
sharply upwards in the cortex and docs not join the stele until it has 
reached the first node. In fact, the trace behaves like the main bundle of 
a separate stalk running upward.s from sucker to node. It i.s easy to con- 
struct stages of development in which such a stalk might become united 
uith the main axis. Arena would then represent the epoch when external 
union was accomplished, but the vascular systems of the two members were 
still distinct. 

In the Zca type the process of fusion has gone further. The scutellum 
trace runs upwards within the stele, but can still be distinguished from the 
other constituents with more or less certainty. 

C. Triticum type. 

The third anatomical type of Grass seedling distinguished by Van 
Ticghem possesses no mesocotyl. The apparent insertion of the scutellum 
takes place at the first node. Wc have now to examine the relation of this 
type to the others, assuming that some such relation can be established. 

Triticum vnlgarc, Vill. The external features of the seedling are 
shown in Text-figs. J5-7, p. 2co, The leaf within the colcoptilc becomes the 
first foliage leaf. Two c-tulinc roots arc formed very early, and soon equal 
the primary root in length. 

The scutellum is rounded at the apex. It contains slender vascular 
bundles, which collect lower down into a single bundle-trunk. The epithe- 
lium is confined to it.s dor.sal surface, merely tipping the apex and fringing 
the ventral wings. The bundles either terminate under these fringed 
margins, or in the neighbourhood of the dorsal epithelium. At a level 
rather nearer the insertion than the apex, a main trunk is formed by union 
of all the upper bundles. They approach along lines converging from both 
margins and from the dorsal .surface ; their bases in tran.sversc section look 
rather like the sticks of a fan. 

The main bundle-trunk when first formed is much extended laterally, 
hs xylcin is a thin ventral ])latc, bisected by a few protoxylem elements, 
h-’ phloem is shaped in transverse section like a flat 'plano-convex lens. 
Just below the apparent insertion of the .scutellum. however, the bundle 
becomes more compact. 

The real insertion of the .scutellum 011 the axis can be followed with 
accuracy in those .seedlings only where the plumule lies in a straight line 
"ith the primary root, and is fairly parallel to the midrib of the scutellum. 
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In such specimens the phimular traces, the stole of tlic primary root, and the 
main scutellum bundle are all cut transversely in the same series of sections. 
In many seedlings, however, the base of the plumule makes a considerable 
angle with the scutellum and primary root, or is almost perpendicular 
to them. Such specimens are useless for interpretation of the nodal 
structure. We are fortunate, however, in having secured scries of section.! 
through four straight seedlings, two in which the plumule is still enclosed in 
the coleoptile, and two rather older— the first leaf having pushed its way 



out. The following description of insertion and nodal structure is founded 
on those four seedlings only. 

In the two younger seedlings the main bundle of the scutellum runs 
straight into the stele on entering the axis. liut in the two older .specimens 
it turns upwards, and is parallel to the stele for a .short di.staiice before 
entering it. Thus a few sections .show the inverted .scutellum tmcc side by 
side^ with the stele, just as in Avena. A mcsocotyl can hardly be s.aid 
to exist, for the vertical distance during which the inverted scutellum trace 
is distinct from the stele is very small. In our bc.st specimen it does not 
exceed 0-05 mm. The structure of the node is certainly clearer for this 
brief interval, however, and more readily comparable with that of Avroo. 
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Thus the first node can be distinguished from the entry of the 
scutcllum bundle into the axis, although in the younger seedlings both 
occur together. For clearness we begin with one of the older seedlings in 
which the series is fairly complete and the preparations successful. The 
other is less clear, but the main points can be verified in it hy comparison 
with the first. 

After remaining distinct from the stele through a few sections,* the 
phloem of the upward scutelluni trace divides to right and left of thexylem. 
One half goes to form the colcoptilc trace the other to form E . The 
xyleffl meanwhile .splits into three parts; the lateral branches accompany 
the phloem, while the median elements enter the stele at the gap which 
faces the midrib trace M (cf. 11 and III, Text-fig. 28, p. 202). They turn 
downwards at once, and do not, therefore, appear in Diagram I of 
Text-fig. 28. 

So much for the behaviour of the scutcllum trace on its upward course. 
A more complete view of the first node is gained by following the coleoptile 
and plumular traces downwards. 

A little distance above the first node arc eight well-marked plumular 
traces, besides several small ones. Seven of these belong to the first leaf. 
The eighth is the midrib of the second leaf, which divides just above 
the entry of the coleoptile bundles and inserts itself on two lateral traces. 
The coleoptile bundles enter by the gap thus left, whicli is opposite . 1 /, the 
midrib trace from the first leaf. 

The terminations of the coleoptile bundles arc sharply bent, one lying 
over the other, but quite distinct. They lie just under the apex of the 
coleoptile, and on the same side of it. A number of spiral tracheides are 
found at the angle of each. Their function is doubtless related to the 
occurrence of the large water-pores which arc always found in their 
neighbourhood. Near tire first node the bundlc.s arc not clearly double in 
transverse section, and they lie a little to one side of the line whicli bisects 
stele and axis symmctric.dly (I, Text-fig. 28). Nor do they meet within the 
.stole as in /! ;i7/u, but just oiit.-idc it (II and III. Text-fig. 28, p. 202). The 
branching at thi.s .spot is, however, precisely th.it of . hrmr. The ingoing 
branches— a common xylem strand and two distinct phloem groups — enter 
the stele by the gap opposite - 1 /. and constitute the bundle x. The 
outgoing branches unite to form the inverted scutcllum trace, si. There is 
also, I direct xjdcm connexion— as explained above — between the scutcllum 
trace am! x. In this respect again Tritkum resembles Avena. 

Thi.s \ascular .symmetry may be described as cs.seniially th.it of 
an Avtuo seedling in whicli the mcsocotyl h.i.s been reduced in length 
aluii'st to vanishing point. In the two younger 'Iriluum seedlings it 


sCwitoni arc cut to n unifonn lliickiu^s ol about ic/i. 
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has disappeared altogether, and the insertion of the scutellum bundle takes 
place at the first node. 

The process may be shortly described from above downwards, 
coleoptile bundles meet outside the stele, but the external branches go lo 
form the main bundle of the scutellum itself, not merely an inverted trace, 
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Text-fig. 28. Tr!li<um xul;gare,\'vi\. Four diagrams of axit; in tran.-rver^e section. 1. 
first internode ; bud in axil of coleoptile. 11. Top of first node ; root-platcs. III. 

of first nude. IV. Base of first node; .-f'., scuUlliun trace. 

The Internal brandies lunn a compact binullc which is prolonged down- 
war{ls below in.sertion level, and can be recognized until the .stele becomes 
root-like. There is a direct connexion by xylem arch between this trace 
and the scutellum bundle. In both the secdling.s we arc now considering 
the cauHne roots are rudimentary, but the root-pl;ite.s are present below the 
first node, and effectually mask the tran.'-ition to root-structure. In 
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j.oiinger of the two seedlings very little tissue is lignificd in this region, and 
(Ills aiJds to the obscurity in structure. 

Wc have already remarked that the chief difference in vascular 
symmetry between the seedlings of Avena and Triticum, besides the 
absence of a mc.socotyl in the latter, lies in the insertion of the coleoptile 
bundles. In Avena each enters between two lateral traces from the first 
leaf, and unites with both. The root-plates depend chiefly on traces from 
the second and third leaves. In TriUcum the lateral traces of the first leaf 
go bodily into the root-plates, and the coleoptile traces enter the .stele in the 
by-g;ip between those plates. 'I'he diffeience can be appreciated most easily 
comparing Diagram II in Te.\t-fig. 16, p. 174, with II in Text-fig. 28. The 
younger seedlings of TriHetim, in whicli the root-platcs arc not differentiated 
at that level, show the insertion of one lateral Icaftrace on either coleoptile 
bundle. 

This anatomical distinction is no doubt correlated with the single 
root-.sy.stem of the Triiknm .seedling. In Avena the first leaf i.s supplied 
uitli water through the mcsocotyl from the lower root-sy,^teni, which 
inchicle.s the lower set of cauline roots as well as the primary root. The 
first leaf is therefore mainly connected with the tracc.s which run down the 
me.socotyl. But in Triiknm there is only one system of cauline roots. 
They correspond to tlic upper or nodal root-system of A vena. While the 
first leaf draws water from the primary root by its midrib, it must also be in 
direct connexion with the nodal roots through their insertion-plates. 

Uonieuin vidgare, L. In external chai actcrs the seedling rc.scmbles that 
uf Tritienm, but the cauline root.s ,irc more nuniorou-. In all the seedlings 
ixamiiicd anatomically, the first leaf i.s still enclosed in the coleoptile. 

The scutcllum has two main bundles .symmetrically placed. Each 
resembles the single bundle of Triiieum in being a trunk, built up of the 
.<lciider branches wliich r.iinify in the apical region of the scutcllum. When 
fir.'t furmed, both trunks arc nearly or quite amphivasal : lower down, the 
Xjlein in each becomes a vcntr.il crescent. Just above their insertion on 
ihe axis tlie xylem group.s are much c.xtcndcd laterally, and each is 
biscctcil by a group of protoxylcin element.^. 

The dual syinuietry of the .scutcllum simplifies the ground-plan of its 
iiisiilion. k'oi' when the two biindlc.s run into the axis, the phloem of each 
'Hills outwards, and p.usscs into the adjacciil coleoptile trace. The greater 
pint of the N) 1cm of c.ich bundle accompanies tiie phloem, but the inner 
.'i.em elements are in contact with c.ich other, and go stiaight to the stele. 
"I'cic they meet other element.s from the incoming coleoptile bundles, 
■bli this xylem turns dow nwaiils, .iiid forms a mas.sivc strand within the 
■'tele for a shoi t distance below the node. It is .soon lost in tlie tangled 
'‘iiatuiny of root-insertion.s. 
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These changes in structure are more readily compared with those 
recorded in Triticnm and A vena when they are described in the inverse 
order, that is, from above downwards. 

Seven traces from the first leaf and two bundle.s from the coleoptile 
enter the first node from above. This does not include the midrib trace m 
from the second leaf, which is commonly present at the beginning of the 
first node. But as it splits into two branches which unite with two lateral 
traces from the first leaf before the first node ends, it is not considered as 
having a course distinct from theirs. Some traces— usually unligniiicd 
at this age— which represent the lateral bundles of the second leaf, also 
enter the first node ; and in the older seedlings examined, certain strands 
on either side of in can be traced back to the bud in the axil of the colco- 
ptile. Sooner or later all these traces are absorbed in the root-plates 
(I and II, Text-fig. 29). 

The midrib trace M from the first leaf remains distinct throughout the 
node, and is always opposite the gap left by the defection of in. Lower 
down this gap is filled by the temporary union of the two coleoptile traces 
P and P' •, and a branch from each trace turns downwards into the stele 
while they are still in contact. Their phloem groups are distinct at first, 
but soon form a crescent externa! to the common xylem group, uliirh 
contains, besides the two xylem branches from the coleoptile traces, some 
central elements from the scutellum bundles (III, Text-fig. 2y). 

Thus, at the base of the first node, we find within the stele a single 
bundle M facing a compound bundle .r, built up of branches from P and 
P', together with xylem elements from the scutellum traces. These bundles 
M and x are separated from each other on cither side by a plate of xylem 
and phloem [rp, rp'), derived from the lateral traces of the first and second 
leaves (IV in Text-fig. 29). This very definite structure is completely 
obliterated a little lower down by the insertion of four cauline root,<, and 
when the confu.-ion introduced by them has disappeared, the main stele of 
the axis is found to be rool-likc. 

This account.s for the internal branch from each coleoptile trace. Bui 
the larger portion of each trace pursues its course through the cortex of the 
axis, and enters the scutellum. Turning sharply upwards, each coleoptile 
segment bccome.s one of the two bundle-trunks described above (sr,, sc... H 
and III, Text-fig. 29). 

The Hordemn .seedling differs from that of 'I'yitkum chiclly in two 
points : in the pre.sence of two .scutellum bundles, and in the ab.sencc of any 
approach to a mesocotyl. We might have attributed the second character 
to the youth of the Hordemn scedling.s c.xamincd, but by the kindness of 
Mrs. Taylor we have been able to compare our scries with another cut b) 
her from an older specimen. This corresponds in age with the older 
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fritkiim seedlings described by us. As in our younger specimens, the 
scutellum bundles do not turn upwards in the axis before joining the stele, 
but enter the colcoptile traces at once. 

The cultivated species of Hordcunt are said by Van Tieghem to have 
two bundles in the scutellum ; the wild species to have but one. VVe have 
verified this in the wild species //. jnbaUim, L. Two interpretations of this 
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Th.M'i lt:. 29. Hordium :iilgayc.\.. Four diagrams of axis ia traiis'er^e jeclion. I. Base of 
first iiiternodc ; bud in axil t f cokoplilc. II. Top of first DOvic and apparent insenion of scutellum t 
.ffii, A ,, scutellum buudles. III. Middle of first node and real insertion of sciUcllura. W. Just 
below insertion of sculellum. 

di.stinction arc possible. The cultivated varieties ma}- be derived from an 
ancestral form « ilh two bundles, now extinct. We might then regard-thc 
dual symmetry of the scutellum a.s a primitive character. Or the ancestral 
scutellum may have had but one bundle as in the wild species which 
survive. In that case tlic doubling of the bundle in cultivated forms is 
probably adaptive, a response to the demand for more vascular tissue. The 
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ready splitting of the bundle-trunk to correspond with the twofold structure 
of the coleoptile might indeed suggest reversion to an originally diial 
symmetry. Otherwise the increase in mass of vascular tissue might peril, ipj 
have been effected by the division of the bundle-trunk into three or four ; 
or by the more vigorous branching of a single trunk. We canriot, however, 
attach much weight to this argument, considering our ignorance of the laws 
of adaptation. 

Comptwison of the Tnlkum type -eith the Avena type. 

The v.ascular symmetry of the Triticum .seedling i.s easily derived from 
th.it of Avena by suppression of the mcsocotyl. And this .suppression 
is not merely hypothetical, for in certain Triticum seedlings we have found 
a very short mesocotyl, in which the aiutomy is precisely comparable lo 
that of Avena [ante. p. 200). We have not made any .similar discovery in 
Hordenm vulgarc, where the mesocnlyl seems always absent. In other 
respects its vascular symmetry is that of Triticum, substituting two bundles 
for one in the .scuicllum. \Vc have already discussed the significance ot 
this character. 

U. The Ax.axoMY or Cert.mn Otiii:r Moxocotyledon'ocs 
Seedlixcs coMr.Mtv.i) WITH tii.\t or tiik Gr.wses. 

The three types of seedling structure distinguished by Van Tieghcm 
in the Gramincac appear at first sight astonishingly different. The absence 
of a mcsocotyl distinguishes the Triticum type from the others, and nwjifics 
its anatomy profoundly. The insertion of the scutcllum trace on the stele 
occurs at the base of the hypocotj'l in Xea, while it is postponed to the first 
node in Avena. On the other hand, certain anatomical feature.s foiiiul in 
all the types make comparison with other Monocotyledons difticull. I ct 
example, the two opposite and cquiv.alent lumdles in the coleoptile dis- 
tinguish it from the scutcllum, with its single bundle on the one hand, anil 
from the plumular leaves on the other. It c.annot be satisfactorily treated 
cither as the cotyledon or as the first leaf. Again, the elouhlc structure ol 
the coleoptile bundles— particularly plain in .-Irv/nr, Sorghum, and /.eo. and 
very clearly indicated in Triticum — can hardl)- depend on the double 
character of the scutcllum trace, since only one-half of the latter reaches 
each coleoptile bundle. Finally, in ail the types the coleoptile bundles 
appear to arise at the first node, partly from the scutcllum trace, and partly 
froip the stele of the mcsocotyl. 

These features are explicable if all three types are derived from an 
imaginary ancestor A, with the seedling skeleton suggested in Text-fig. 7. 
p. 166. VVe have already considered the modifications of structure necessary to 
convert that ancestor into a seedling of the Avena type (pp. 168-9). None of 
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them are improbable. Fusion between two distinct and adjacent members 
occur.? very commonly in all parts of the plant ; there is no morphological 
reason why the stalk of the cotyledon should not unite with the hypocotyl 
to form the mesocotyl. More or less complete fusion of two separate 
bundle.? within the cotyledon is frequent among Monocotyledons, and may 
be supposed to occur in the sucker and stalk of type X. When these two 
changes have been accomplished, the sucker of the cotyledon will appear 
sessile on the axis at the ba.se of the mesocotyl, while its trace runs upwards 
to the first node. In Arena the inversion of this trace, and its double 
character, .suggest its origin from the two bundles of the stalk in a form 
such as X. 

A third modification is necessary to convert the sheath of type X into 
the coleoptile of the Arena type. The double scutellum trace, representing 
the two stalk bundles of X, divides at the node, and if each half-trace 
behaved as in X, it would run nearly to the top of the sheath, and turning 
sharply down again join the mesocotylar stele at the first node. The more 
.acute the angle made by the half-trace on itself, the nearer would the 
ascending and descending segment.? lie to each other. If they approached 
so closely as finally to unite from first node to apex, the coleoptile bundles 
o! Aveiid would be reproduced. That such fusion between two lengths of 
the same bundle may actually occur is shown in the sheath of Ti^ridia 
{Te.\t-fig. H, p. 168, and PI. X, Fig. ij). 

The two sheath-bundles of type .V finally enter the stele of the hypo- 
cotyl from opposite .sides, and presumably remain distinct within it. In 
Avena the descending segments of the coleoptile bundles unite in the stele 
of the mesocotyl — the fourth modification required to convert type X into 
the ylvetii! type. lUit in the Xea type, be.-t represented in this respect by 
no such alteration in structure is demanded. The coleoptile half- 
traces remain distinct in the .'tele ; separated from each other by the 
ascending scutellum trace, which in this type is included within it. 

We have implied throughout this discus.-ion that the .li'ena type is 
the most primitive of the three dc.'cribcd by \'an Ticghcm. Indeed, this 
conclusion follows from our conception of the mesocotyl. For if it repre- 
sents the hypocotyl of a remote ancestor united with the stalk of its 
cotyledon, the two types po.ssessing a mesocotyl are nearer to that ancestor 
than the third which has none. And in the Arena type the ancestral stalk 
is rcpicscntcd by a separate trace, which in the /ea type is absorbed in the 
stele of the hypocotyl. Thus on our hypothesis the vascular skeleton of 
the Avena seedling represent.? the ancestral type A' more completely than 
that oiZca or Sor^ludii. 

but though, on the whole, the seedling skeleton of -Itvwr! s.thTa has 
more points which .suggest the imaginary tyix; X than that of aEiy other 
specie.? wc have examined, yet certain isolated characters are belter repre- 
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sented elsewhere. Thus the formation of the scutellum trace from the 
coleoptile bundles is better shown m. Zimnia aquatica, their double structure 
in Sorghum vulgnre, and the coleoptile trace.s within the stele retain their 
identity longer in Coix Lacryma-Jobi. 

Nor is it strictly accurate to say that the Trilkinn type can be derived 
from the Aveua type in one way, and the Zca type in another. Our 
hypothesis is better formulated thus ; the seedling skeleton of the common 
ancestor from which are descended all the genera we have examined 
probably resembled the Ai'cua type in the possession of a mesocotyl, and 
in the less complete union of the two members from which it is derived, 
A greater number of the structural variations depending on these characters 
are found in the Arena type than in the others, and it may be called 
primitive with regard to them, since it approaches more nearly to our 
conception of an ancestral form within the Graniincac. 

This ancestral form, which may be referred to as A, is not to be con- 
fused with type A' figured in Text-fig. 7, p. 1 66. A' has none of the anatomical 
features characteristic of the Gramineae, but illustrates a skeleton from 
which such features might be readily derived on the one hand, while on the 
other it has the seedling characters of a hypogeal Monocotyledon. 

We shall now describe the seedling structure of certain Monocotyledons 
which approach more or less closely to the imaginary tj’pc A", in order tv 
justify our use of that construction in explaining the anatomy of the Grass 
seedling. Before entering on this subject, however, wc must explain the 
absence of any reference to the Cypcr.accae. We naturally expected that 
the seedling structure of this family would throw light on that of the 
Grasses. But the vascular skeleton of the species wc have examined i.s too 
much reduced to be .significant. Kven the seedlings of the comparatively 
robust Cyperus alternifoUusX^^nti C. na/atensis, Ilochst., are as .small and 
tender as those of an aquatic plant. 

We have already stated that \'an Ticghcm considered the mcsocot) ! 
to represent an elongated node, whcrea.s we look on it as a fusion of the 
hypocotyl with part of the cotyledon. On either hypothcsi.s the coleoptile 
of the Gra.ss seedling is identified with the upper or stipular sheath. 

An upper sheath is not univer.'-al even among hypogeal Monocotyde- 
dons, and cases in which it contains vascular tissue are comparatively rare 
outside the Glumiflorae. Such cases arc, therefore, likely to be instructive, 
and wc have already referred to some of them. Wc propose to discuss 
th<^e and others in greater detail, beginning with the seedlings of Ekttarw 
Cardamontuni and its allies. 
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Zingiberaceae. 

Seedlings- in spirit belonging to three genera from this family were sent 
from Kew in 1898 to one of us : Elettaria Cardamomim, Maton, Ainomum 
anpistifohum, Sonner, and Renealmia racemosa, A. Rich. Preparations 
from these species were made by Mks E. N. Thomas in the Reigate 
laboratory, and she also worked out the course of the bundles in the upper 
sheath, which is uniform in all three. Our thanks arc due to her for per- 
fflis-sion to use her preparations and notes, including some drawings of the 
seedlings. We have since confirmed and extended her observations by 
cutting fresh seedlings EUttciria^ and also by examining Roscoca purpurea, 
Sm., Alpiuia cakarata, Rose., and Brachychilmn Horsfieldti, 0 . G. Petersen. 
These seedlings we grew in a hothouse at Reigate, from seeds most kindly 
supplied by Mr. Lynch from the Botanic Garden at Cambridge. Thus we 
were able to examine and draw them in the fresh condition, besides pickling 
the important parts, the sheath and hypocotyl, in Merkel’s solution. Material 
so treated gives far better results when microtomed than that preserved in 
•Spirit only. 

Elettana Cardamomum, Maton. The course of the bundles in the 
cotyledon is very characteristic. Text-fig. 3c (I), p. 210, is a drawing of stalk 
and sheath from spirit material examined under the simple microscope. The 
course of the bundles in the sheath can be quite well followed by this 
method, and they are traced in the drawing. It will be seen at once that 
part of the sheath is above the insertion of the stalk, and part below it. 

The stalk of the cotyledon contains two exarch collateral bundles, 
both of which enter the sheath. Their course within it is asymmetrical, 
for one bundle (P) travels nearly to the top of the sheath before turning 
downwards, while the other (P') turns down at once. We possess a com- 
plete set ies downwards, from the top of the same sheath which is drawn 
in I ( 1 ext-fig. 30), and caji therefore reconstruct its vascular skeleton with 
certainty. The critical sections (Il-V in Text-fig. 50) occur at the levels 
n-o in I. 

Sections cut between the levels a and ,J pass through bundle P twice ; 
once in its upward, and once in its downward course. Near a the two 
sections of this bundle lie close together, while lower down they move apart 
until they are separated by an angle of about 90'’. Just below d, the 
undle P comes in, and in the following sections P and P' are each cut 
twice ; once in the sheath, and once in the stalk. From 6 onwards the stalk 
has disappeared, and then the two sheath-sections only of P and P' remain 
fV, Text-fig. 30). 

i-kttaria posse.sscs a real hypocotyl; a region of appreciable length 
c ow the first node, m which the stele is stem-like. The hypocotj-l varies 
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in length from o-fi mm. to about 1-5 mm. in the three seedlings from which 
ive have fairly complete series. 

In seedlings of the age shown in Text-fig, -jo, the first leaf ha.5 seven 
traces. The five larger run inwards at the second node, but each gives off 
one or two slender downward spurs before doing so. Hence a circle of 
seven or eight strands outside the stele of the first internode, in which the 
gap opposite the midrib is filled by the two marginal traces from the first 
leaf. The.se are still in their original position near the periphery of the 
section. They may unite to form a larger trace. 

The traces in the stele just above the first node are reduced to five, 
arranged in two groups. The cotyledonary traces run in from either side 
between these two groups. Hut as they do so, each strand or trace in the 
outer circle extends it.self tangentially, in such a way that the two cotyle- 
donary traces are included in a vascular girdle which is concentric with the 
stele, but quite distinct from it. This girdle is shown in process of forma- 
tion in \I, Text-fig. 30. In the FJettaria seedling on whose structure 
these diagrams are founded, the .xylem of the girdle is unlignified except at 
one point, but we have found a girdle much better differentiated in Amomnm 
(PI. X, hig, 13), and here the xylem is very well represented. The function 
of this girdle is probably to give rise to cauline roots, and its presence may 
indicate the approaching formation of a tuber. 

At the top of the hypocotyl, as soon as all traces of the first node have 
disappeared, there arc four massive phloem groups, each very distinctly 
tnangular in transverse section. Two of these arc cotyledonary, and they 
arc diagonally opposite to each other. The two groups whiclt separate 
them arc derived from the plumule. The arrangement of xjdcm is 
characteristic. All the protoxylem elements form a little group in the 
centre of the stele. The internal angles of the four triangular phloem 
groups arc bordered by mct.ixylem for some distance up each side. In the 
oldest seedling examined, the .xylem has the form of a four-ra>ed star. 
Mch ray is double, for it consists of iiicta.xylem border from each of two 
Mpicenl phloem groups, separated by a strip of medullar)- tissue. Even in 
‘"■s seedling it is dear that the metaxylem bordering the plumular 
Piocm IS formed of clcmenls larger and belter lignified than that which 
borders the cotyledonary groups. This difference is more clearly marked 

"’ the younger seedlings, where much cotylcdonarr- xylem is still 
“idignihcd. 

Lower down, the symmetry of the stele alters, to provide for the inser- 
' ^ caiilinc loots. Ihc double rays become .single by suppression of 
' medu lary intervals, and then two parallel root-plates are formed from 
bmidi root-plates are divided from each other b)- the cot) ledonar)- 

1 tr' 1 but are each represented by 

" "Mpular patch of phloem and a small internal group of xvlem dements. 
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The two groups of plumular phloem are extended in strips, each external to 
• a xylem plate (VIII, Text-fig. 30). 

At a level very little below the formation of root-plates, the stele of 
the axis is completely masked by the repeated insertion of cauline roots, 
We could not determine in the descending series whether any one of the 
roots, all cut more or less obliquely, represented the primary root. It may 
perhaps never develop at all ; its functions being taken over at once by the 
cauline roots. 

Amomnm angusti folium, Sonner. Two seedlings were examined, both 
about the same age. That drawn by Miss Thomas in Text-fig. 31 was cut 
by hand. The bundles of the cotyledonary sheath 
were previously traced by her under the simple 
microscope. From the other she cut a complete 
series of sections, beginning half-way down the 
upper sheath, and ending with the tangled insertions 
of cauline roots at the base of the hypocotyl. 

The cotyledon of A momum possesses two large 
bundles in its stalk ; one of them runs nearly to the 
top of the upper sheath and then turns downward; 
while the other hardly enters it. The vascular 
skeleton of stalk and sheath, indeed, is precisely tha' 
of Elettarm, and might be represented by Diagrams 
I-V, Text-fig. 30, with a few alterations in matters 
of detail. 

The cotyledonary bundles P and P' enter the 
stele of the axis in the same way at the first node. 
The vascular girdle is better developed, perhaps 
because the seedlings are older than in Elcthiria , 
angujii/c/mm.Smati. Out- and it seems as if P and P' took an active .share 
enlarg°eti.*"*''”^' in its formation by branching to meet the coiticil 

traces (PI. X, P'ig. 13). At the top of the hypocotyl, 
the formation of a xylem star with double rays is even clearer than in 
Ekttaria (PI. X, Fig. 14); but it passes over into the single-rayed form 
more quickly, and this persists longer. The formation of root-plates is 
obscure ; before they are well defined, the stele is lost among cauline 
root-insertions. \Vc could not determine whether the primary root was 
undeveloped, or whether it existed but was hopelessly lost in the senes 
among the sections of cauline roots. 

Renealmia racemosa, A. Rich. Two seedlings were cut by Mi*® 
Thomas from spirit material. The series from the first is fairly complete 
from insertion of stalk downwards, but the xylem is very little lignified. 
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Xhe second series is very incomplete, but serves to confirm the first, and in 
jQine cases to explain it, as the tissues are better dififercntiated. 

The bundles of the upper sheath behave as in Elettaria and Amomim. 
I'he lower sheath is comparatively short. The cotyledonary traces P and 
g enter the stele of the hypocotyl as usual from either side. In this 
species the plumular traces seem to form three groups in place of two. In 
both the seedlings examined there were five traces at the top of the hypo- 
cotyledonary stele ; in one of them the fivefold symmetry was retained 
throughout, in the other it became fourfold lower down. The protoxylem 
forms a single group in the centre. No well-marked root-plates are formed. 
The cauline roots arise from the base of the hypocotyl, 

Roscoea purpurea, Sm. The cotyledon in this species differs from that 
of Elettaria in the structure of its sheath. Of the three seedlings examined 
by us, we find two with no lower .sheath, 
and the third with a very short one. The 
upper sheath is very well developed in all 
three seedlings, and its vascular skeleton 
corresponds exactly with that of the upper 
.sheath in Elettaria. 

The vascular structure of the hypocotyl 
and first node differ in the two genera, but 
the points of difference arc clearly corre- 
lated with the presence or absence of a lower 
sheath. Thus in that seedling of Roscoea 
which has a lower sheath, though a very 
short one, and is therefore nearest to the 
Elettaria type, there are about a hundred 
sections in which the upper sheath corre- ' 

sponds in structure to Diagram III in Text- 

lig, 30, except that in the lower ones the bundles are separated more 
widely. But whereas in Elettaria only the first leaf is enclosed by this 
region of the sheath, in Roscoea we find sections of the plumular axis. 
The length enclosed is about 1 mm. ; it begins at the base of the plumular 
bud, and ends in the first iiiternodc. The single sheath section which 
corresponds to IV, and the few below it which represent V, still enclose 
sections of the first internode. In Roscoea cauline roots are formed above 
the first node, and they penetrate the sheath in region V. 

Thus the cotyledonary traces P and P' run into a stele which is alrea’dy 
giving off cauline roots, and has formed root-plates. In place of Diagram VI 
w Text-fig, 30 we have Text-fig. 32. There is no level in this seedling 
"'hich corresponds to VII. In the intervals between the insertion of cauline 
roots, the stele of the hypocotyl resembles VIII in structure, though the 
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orientation is different. For in Elettaria the bundle P' travelled through 
.an angular distance of about 90° in the sheath before running into the stele, 
Taking the insertion of the stalk on the sheath as a fixed point, and making 
the diameter of the section which passes through it vertical, the cotyledonary 
traces P and P' in VIII lie on the horizontal diameter. But in Roscota 
the trace P' runs straight into the stele from the stalk, and P travels round 
to the opposite extremity of the vertical diameter before entering the stele. 
In the two other Roscoca seedlings there is no lower sheath at all, which 
leads to greater modification in the vascular skeleton. The insertion of the 
upper sheath coincides with level IV, and the section of P' which appears in 



Text-fig. 53. Koscoca ///r/iov i. .'mo. diagram of first no(!c in two other sceillingh. 

the sheath is already running into the stele of the axis (Tcxt-lig. 
Root-plates arc formed early, to correspond with the great development 
of cauline roots at the node (;•, r. e, r). In one .seedling the platc.s arc 
found above the node ; in the other they begin just below it. I!ct«cen 
root-in.sertions the root-plate.s sometimes break up. .Sections can be found 
which suggest the .symmetrical arran.gemcnt of VII in the E/i/t.iiia 
diagrams. 

Though we have used Diagrams VH and VUI from E/t/laiid to 
explain the structure of Rosioco, there is one great difference between the 
two genera. In all three Roscoca seedlings the central group of protoxr Icni 
is absent. Each root-plate and each cotyledonary trace retains il.s own 
protoxylem, which is more or lc.s.s definitely internal to the other elements. 

Alpima cakarala, Ro.se. \Vc have made preparations from fom 
seedlings, and diawing.s of five. They arc small compared with those ol 
Elettaria. The cotyledonary sheath is .short, and the plumule very soon 



the Embryo and Seedling in the Gramineae. 215 


j[nerges from it. The first foliage leaf of the plant is the second in order 
on the axis, for the first is reduced to a mere sheath. 

Two distinct bundles enter the stalk of the cotyledon from the sucker.'* 
Xhe stalk is inserted rather above than below the junction of sheath with 
jxis. There is no true lower sheath. In three seedlings the upper bundle 
p runs a little way into the upper sheath before it turns down to join the 
axis. In the remaining seedling, the youngest, P runs up from the stalk, 
and continues its course through the sheath into the axis. The second 
bundle, F, commonly enters the axis from the stalk below the apparent 
insertion. Since P and P' enter the stele from opposite sides, one or other 
of them must skirt it for some distance 
before turning in. 

The stele of the hypocotyl is cut so 
obliquely in the three older seedlings, that 
its structure cannot be deciphered. In the 
youngest seedling, the traces settle down to 
three endarch bundles, which seem to corre- 
spond in position to the midrib and lateral 
bundles of the second leaf. They are 
separated by three rays of medullary ti.ssuc, 
forming angles of about 120° with each 
other, y-* enters by one of the two rays 
which border the midrib of the second leaf, 
and P' by the other. The third ray re- 
mains clear. Below tljis level the stele of 
this seedling too is bent, and the sections 
of it hopelessly oblique. Apparently there 
would be five bundles at the top of the 
hypocotyl, as in Rcncalmia. 



Brachychiluoi llonfitUii, O. G. I’ctcr- 
scn. Preparations were made from five 


I'kXI-HG. 34. 

(ui.lii, O. i.r. IVterf^n. Ouiline? of 
swilini,', life-size and enlarged. 


seedlings by one of us, including complete scric.s through the cotyledonary- 
sheath in four of them. The cotyledon is inserted partly on the sheath 
and partly on the axis as in Alpiuio. The first leaf is reduced to a mere 
sheath (Text-fig. 34). 

There are two distinct bundles in the apex of the cotyledon, and they 
tun side by side through the .stalk into the axis. In three seedlings neither 
bundle enters the sheath at all ; in the fourth, one trace (P) lies rather 
above the other, and it curves upwards into the base of the sheatli. just 
entering it before turning back into the axis. The short upper sheath. 
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indeed, may be said to be without vascular tissue even in this case. In the 
others, P and P' alike run upwards from the stalk of the cotyledon into 
the stele, diverging as they penetrate the axis in order to enter the stele at 
different points. 

In two seedlings the stele of the hypocotyl is cut transversely where 
P and P' enter it. In both cases the three plumular bundles correspond in 
position to the principal traces of the second leaf. The cotyledonary traces 
enter on either side of the midrib. Thus there are five traces at the top of 
the hypocotyl, but they cannot be followed downwards in any series of 
preparations which we possess, partly because the hypocotyl is ahvays 
curved, and partly on account of the numerous root-insertions. 

The seedling structure of the Zingiheraceae . We have already compared 
the sheath of Ekttaria with the coleoptile of Arena, and have constructed 
an imaginary form with a vascular skeleton intermediate between the two 
(Text-figs. 5-7, p. ]66). The force of this comparison is much increased by 
the observations just recorded on five other genera of the Zingiheraceae. For 
characters common to several genera within a family, and — so far as we 
know— confined to that group, arc probably ancient. 'I'he presumption is 
that they arc inherited from a common ancestor. 

All six representatives of their genera have two distinct bundles in 
their cotyledon ; in four genera these bundles enter the upper sheath, 
Their course within it is alike in all four, and very characteristic. In other 
words the vascular skeleton of the sheath in Atnointim, Rcncahnin, and 
Roseoea is almost identical with that of Ekttaria, and is different from the 
skeletons of any other cotyledonary sheaths which we have examined. In 
Alpinia the upper bundle from the cotyledon sometimes enters the sheath, 
but only penetrates it for a very short distance before turning back. Even 
in this reduced form the same asymmetric type of skeleton can be recognized. 
In Brachychilum the short upper sheath contains no bundle.s. 

These genera have other anatomical characters in common. The fir,>t 
node is alike in all of them. The cotyledonary traces enter the stele of the 
axis from opposite sides, making an angle of at least 120° with each other. 
They take their place among the two or three plumular traces which are 
continued downwards. In all the species e.xamined, except Rostoee 
purpurea, a common group of protoxylem is found in the centre of the 
hypocotyledonary stele, which recalls the common group formed by the 
junction of P, P', and M in the mcsocotylar stele of Coix. This afterwards 
breaks up into the groups px^ and /.Vj (p. 198). 

Cauline roots are given off freely in the neighbourhood of the first 
node, and sometimes lower down. The well-defined root-plates found in 
the hypocotyl of Ekttaria (Text-fig. 30, VIII), Amomum, and Roseoea 
recall the root-plates in the mesocotyl of Avena and other Grasses, 
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The upper sheath in the Zingiberaceae, when it contains any vascular 
[Issue at all, is stiffened by one of the bundles which enter it from the stalk 
of the cotyledon. After running obliquely upwards, this bundle turns 
sharply down, and enters the axis from the base of the sheath. No part 
of such a bundle passes directly from stalk to axis. The second bundle 
may do so (Roscoea, Alpinia), or it may just enter the upper sheath on the 
side opposite the first bundle, and then turn downwards through the lower 
sheath to the axis {Eletlaria, Amomum, Renealmia). But all the bundles 
found in the upper sheath enter it from the stalk of the cotyledon, and 
leave it on their way to the hypocotyl. The same is true of Tigridia 
(Text-fig. 8, p. 1 68) and of Commetina cocleslis, which we are about to describe. 
But this form of vascular skeleton is not universal in the upper sheath of 
Monocotyledons. We .shall describe the seedling of 
Cdcldaim auinmnak as an example of another type. 

Caimndina coekstis, Willd. The lower sheath is 
long, and consists of the cylindrical ba.'e of the cotyledon 
enclosing the plumule. Above it is the upper sheath, 
which forms a hood and seems to have ari.scn from a sharp 
twist in tlic stalk of the cotyledon, just where it was 
spreading out into a simple .sheathing base (Text-fig. 35). 

Two main bundles enter the sheath from the stalk, and 
behave very much like those of EkUaria. The upper 
bundle (P) travels nearly to the top of the hood before 
bending back to the axis, while the lower one {P') turns 
down almost as soon as it enters the sheath.' One or 
two additional bundles are sometimes found in sheath pins'? 
or stalk, but they are slender and end blindly, and are 
probably mere mechanical stiffenings, produced where they are needed. 

In Gminuiini! the asymmctrictil course of the two main bundles is 
probably due to the distortion of the originally simple sheath. After they 
have traversed the lower sheath, they appro.ich the stele of the axis from 
opposite side.s as in Ekttaria. Two plumular traces are present at the first 
node, but there the rc.scmblancc ends. The plumular traces insert them- 
selves on P and P' , each of which becomes double. These double bundles 
face each other throughout the rather, long hypocotyl, and ultimately form 
a tetrarch root. The anatomy of the hypocotyl is precisely that of some 
dicotyledons, as for example Althea^ The details of transition to a root- 
structure arc masked by the insertion of cauline roots. 

' auention h.rs been drawn to the asymtiKtiical behaviour of flic two bundles in the cotjledon 
S'lalh of auother species of tliis genus by Martha If. lloliinshead : Notes oi; tire Seedling of Cem- 
m.Dia (orrmuHis, L. Contributions from the Botanical Laboratory' of the University of reunsylvauia. 
™l.iii, No. 3, p. j;t, tjn, 

' Gerard, R. ; des sci. nat., ser. vi, Bol., I. vi, I'l. XVI, Fig, 23, iSSl. 
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Cokhicum autnmnale, L., is an example of a hypogeal Monocotyledon 
in which the very well developed upper sheath is stiffened by branches from 
the cotyledonary bundles, and not by the bundles themselves. We have 
examined two seedlings of this species. The upper sheath is stiff, long, 
and sharply pointed. The lower sheath is cylindrical and of some length. 
The primary root is stout and long ; cauline roots do not appear early. 

We have complete series of sections from both seedlings, beginning in 
the upper sheath, and passing downwards, through the insertion of the stalk 
and the lower sheath, to the junction of sheath and axis, and the formation 
of the primary root. The only anatomical difference between the two 
seedlings is that in one of them there are two distinct bundles in the stalk 
of the cotyledon, each surrounded by its own endodermis, and that in the 
other the two stalk-bundles are in contact, and surrounded by a common 
endodermis. In fact, they form a typical double bundle as they enter the 
sheath. This difference is not so great as it may seem, for the di.stinct 
bundles of the first seedling also form a double bundle when they enter the 
lower sheath. In both .seedlings the stalk bundles turn into it at once, and 
retain their characteristic double appearance until they enter the axis, 
But as they turn, each gives off a slender branch to the upper .sheath, and 
these branches divide again on their upward way. They all end blindly 
near the apex of the sheath which they serve to stiffen. 

Three plumular trace.s are found at the first node. They represent the 
midrib and two lateral traces from the first leaf. The double bundle of the 
cotyledon is inserted on them, but it docs not affect the symmetry of 
the triarch root-stele. The transition to root structure is extremely rapid, 
and the plumular phloem groups retain their position throughout. 

Gknerai. Con’cllsions from r.tkr II. 

In the introduction to this Pari (pp. acb-X) we considered how far the 
evidence given in Part I could bo used to support our interpretation of 
the Grass embryo and seedling. That interpretation has been outlined 
at the beginning of this memoir (pp. 164 9), It is illustrated there by the 
construction of an imaginary' type A ', linking the Avcho type, which we 
consider as the most primitive of the three distinguished by Van Ticgliem 
in the Gramineae, with the seedling .skeleton of a real hypogeal hh no- 
cotyledon, Ele.ttaria. 

The evidence given in Part I refers to the structure of Grass seedlings 
only. In discussing it, we have tried to show that all Van Tieghem’s types 
could be derived from the imaginary .skeleton .V, without any unjjrcccdcntcd 
or even improbable changc.s in structure. In Part II we have described 
seedlings from other families, whose vascular structure approaches that of -T 
and this evidence, too, mast be summed up. 
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The examination of monocotyledonous seedlings with a well-developed 
upper sheath shows that this sheath does not always contain vascular 
tissue. Among the species that do, wc find two forms of vascular skeleton. 
The bundles entering the upper sheath may be branches from those which 
pass from cotyledon to hypocotyl, and then they end blindly near the top 
of the .sheath {Cokhicum). Or the bundles from the cotyledon may them- 
selves enter the sheath, and after a longer or shorter course within it, turn 
down through the lower sheath to the ^'>ds(EIettaria,Continelina, Tigridia). 
Wc have described many more examples of the second form than of the 
first, because the second approaches the im^inary type X from which 
the vascular skeleton of the coleoptile can be derived. In particular, this 
form of sheath is found in several genera ivithin the Zingiberaceae.’ VVe 
may conclude that this form of vascular skeleton is inherited from some 
ancestor common to at least some of the genera within the Zingiberaceae. 
This is the more probable, as the structure of the first node and hypocotyl 
is also fairly uniform in these genera. 

The resemblance between the embryo of Canna and that of the 
Grasses, already pointed out by Hegelmaier (74, p, ddp), is interesting 
in this connexion, since the Cannaccac are closely related to the 
Zingiberaceae. 

The geographical distribution of the Zingiberaceae indicates that it is 
an ancient group,- and the type of seedling skeleton which is primitive 
within it probably goes back to an early form of Monocotyledon. This 
makes the resemblance to the skeleton of Grass seedlings more suggestive, 
particularly as the likcnc.ss extends to first node and hypocotyl. 

Schumann points out the remarkable similarity in vegetative characters 
between the Zingiberaceae and the Gramineac,’’ but he does not therefore 
assume any genetic connexion. The Scitamineac on the one hand,* and 
the Glumiflorae on the other,* are generally considered as natural divisions 
of llie Monocotyledons, without clear affinities to other groups. Roth are’ 
probably related to the I.iliiflorac." 

liven if no .simple degree of relationship through a common ancestor 
should be discovered to explain the characters which the Zingiberaceae have 
in common with the Gramincac, it does not therefore follow that the sheath 
structure of one group may not illu.strate that of the coleoptile in the other. 
More than one descendant from the prototype of the Liliiflorae may have 
stificned its upper sheath by the entrance of whole bundles from the sucker 

' 111 the six wc have cut, the only CM'ejMuin is huum^ iti wliich the SiKath contains no 

i.sailar lissiie at all. 

• SLluitiiaiin, K. ; lingler’? ril.inzcnrcicli, iv. 46 : Zini;il'craccac, p. c;, 1904. 

Schumann, K. ; I. c , p. y 

* I'ctmcii, O, ft. : lingicr’s 1 ‘llaiizcnfamition, ii, Ahtli, \\ iSSy, 

Ifatkc!, K. : lin^Ier’s rtlan.cnfaniilkn, ii, Ablh. d, p, if*, iS''7' 

\Nctlslein, R. : llaiulb. il. >)>l. Rot.. Aiifl. p. 7S*, 1911. 



220 Sargaut and Arber . — The Comparative Morphology of 

and stalk of the cotyledon, on their way to join the stele of the hypocotyl 
The Zingiberaceae may represent one of those forms, theGramineae another 
arid the comparatively simple sheath of Ekttaria may still serve to indicate 
the manner in which the coleoptile of Avena was evolved through a distinct 
line of descent. 

The sheath of Commclina may represent an early stage in the evolution 
of the coleoptile, demonstrating how it might be derived from the simple 
sheathing base of the cotyledon, in the most usual form of epigeal germina. 
tion [Allium, Anemarrheua, Sic.}. And in this genus, too, interest is at once 
aroused and baffled by the existence of apparently primitive characters 
VVe have already remarked on the anatomy of the hypocotyl, which is that 
of a typical Dicotyledon. Solms-Laubach has shown that the stem apex 
in the embryo of Commrliua is terminal like that of a Dicotyledon, while 
in the typical Monocotyledon it is lateral.' 

In conclusion, we think that the key to the morphology of the Gra.ss 
embryo lies in the morphology of its seedling, as interpreted by compai ison 
with the seedlings of other Monocotyledons. Thi.s comparison is not easy, 
for the anatomy of the Grass seedling is complicated, and very distinct 
variants are found within the family. We have shown that all these variant.^ 
can be derived from an imaginary type X (Text-fig. 7, p. 1 66). The scutcHun. 
then represents the sucker of the X cotyledon, and the coleoptile its .sheath, 
and in both cases this is the most natural interpretation of their anatomv. 
The vascular skeleton of X is that of a hypogcal Monocotyledon, and is 
sufficiently near that of the Zingiberaceae to be derived from it without 
difficulty. But to derive the vascular skeleton of the Arena type from that 
of X requires one considerable assumption ; that the stalk which .should 
connect scutellum with coleoptile has become united with the hypocotyl. 

We maintain that the mesocotyl is more likely to have arisen in this 
way than as the elongated node, which Van Tieghcm suggested ( 7 i 1. The 
latter hypothesis docs not explain the presence of the inc'ertcd trace fuiuid 
within the mesocotyl of certain forms by' (rrevious observers.^ On our c iew 
this trace represents the stalk, and is the last vestige of its independence. 

^ Wcttstcin (1. c., p. 811, rt-mnrks on the ttriiiiitic^ of the 1 jiaiitiohl.istae, iiiclucic;' ti.c 
C ommelinaceaej with the Liliiflorae on the one baud and the Ciranuneac on the other. 

* Miss Lewin ' S7, p- 22 and PI. Ill, !■ ig. 46) j Bruns ('92, i». 2 V) ; Schlickum i't'ti, p. s? ar. i 
PI- V, Figs. 147, 15;). ' ' ' ‘ 
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List in Chronological Order of the Principal Papers relating 
TO THE Embryo and Seedling of the Gramineae which have 
appeared since 1872. 

TiegHEM, Ph. (. 7 ‘ 2 ): Observations anatomiques sur le cotyledon del Gramlnees. Ann. des 
sci. cat., scr. v, Hot., t. xv, pp. 236-76, 2 pi., 1872. 

H£CKi.MAiERi F. v 74 ): Zai Entwicklungsgcschichtc monokolyledoner Keime, nebst Beraerkungen 
liber die Bildung der Samendeclcel. III. Tritiatm vulgun. Hot. Zeit., xxxii, pp. 657-68, 

1 pi., 1874. 

WaRNIING, E. ( 79 - 80 ): Forgreningeii og Bladsullingen hos Slsegtcn Kclumho, Videnskab. 
Meddell. fra den naturh. Foren. Kjobenhavn, 1879-80, pp. 444 ,*5, 1 pi,, 1 text*6g. (The 
aathor’s views regarding the Grass embryo are explained in a foi/laole to pp. 446-8,) 

Klehs, G. (’ 85 ) ; Beitrige lur Morphologic und Biologie der Kcimung. Untersuchungeo aus dem 
Uolanischen Institut zu Tubingen, Bd. i, llefl 4, pp. 536-635, 24 texl-figs., 1885. 

Lewis, M. (’ 87 ) : Bidrag till Hjertbladets Anaiomi hos Monokotyledooerna. Bibang till K, Sven&ka 
, Vet.-Akad, Handlingar, Bd. xil, Afd. iii, No. 3, a8 pp., 3 pK, 1887 (for 1S86). 

IIackei., E. (’ 87 ) ; Gramineae, in Die natiirl. FflanrenfamiUen, vun Kngler und K. Prantl, Teil il, 
Abth. ii, pp. 10-14, 18S7. 

TiCinkClI, A. i.’y 0 ) : Die S.augofgane der Scilaminccn-Sainen. Sitiungsber. d. k. preuss. Akad, 
d. Wissensehaften zu Berlin, Jahrg. 1890, Krster llalbband, pp. 131-40, 1890, 
liKUSS, K, (’&'-) : Der (irasembryo. Flora, Bd. hxvi (Ergaorungsband zum Jahig. 1892), pp. 1-33, 

2 pi., 1S92. 

SCHi.iCKLM, A. ('90 : Mor])liulogi?clitr und anatomisoher Vcrgleich der Kotyledonen und ersteo 
i.aubbldiler der Keimpflanren der Munokolylen. Bibliotheca Botanies, Bd. vi, Heft 35, 
88 pp., 5 pi, 1S96. 

CelakoVsK^, 1 . J, (’ 97 ); Utl^ef die Homologien de» Graseinbryos. Bot. Zeit., Iv, Abth, I 
pp. 141-74. I pl. iSy;. 

VaS TiKGiit.M, Bit. (’ 97 ) ; Morjiludogie de rcin!)ryyn tl de la pUutule cbez les Gramia^s et les 
Cyperacces. 2\nn. de% sci. nat., str. vili, Hot., t. iii, pp. 259-309, 1897, 

^iaRGANT, E., and Rorf.RTson, A. (’Or* ; The Anatomy of the Scute'.lum i:i maxi, yf 
Bot,.vol. xix, pp. 115-123, I pi , 1905. 

Kirchner, 0 . VON, Loew, L., aod ScuROTF.H. C. (’ 08 -' 12 ) : Lebcnsgescbichte der BliitenpllaMeu 
Miticlfiuropas. Bd. », Alt. Ii. Dogen 1*18. Gramineae, pp. 1-28$, 399 text-figs,, 1908, 
1909, 1912. 


KXI’LANATION OB' FIGUKKS IX PLATK.S IX, X. 

llliiMrating the paper I'V Miss .Sargant and Mrs, Arbor on the Comparative Morphology of the 
Etiibryo and Seplling in the Gramineae 

Tlie littering throughout the Flates is uniform : i(., main bundle of scutelluin; tr.rce of 
scutel'.um in axis ; /■, coleoptilc bundles ; .V, midrib of first leaf ; Z, , Z,, litoral traces 
^rom first Uaf on o..e Nide of . 1 /; Z',, Z'j, lateral traces from first leaf on other side of . 1 /; 
r., n, cnuline roots ; rx., root-xylem ; r/., f/.. iool*plitc>. 

ri ATI- IX. 

.iifna sjftu. L. 

I- Coleoptile bundle from iransvctse :>cclion through jouiig seedling, in which plumule is 
entirely enclosed within coleoptile. The phloem groups are deeply stained because they arc full of 
proteids, and they arc quite distinct {fh., One group of protoxylero ,/.r.). x Jjo. 
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Fig. i. Tr.'insverse section of coleoptile bundle from older seedling. Two groups of metaxylem 
w/i’A), and scattered /jr. elements between them, x 250. 

Fig. 3. Transverse section of first node from same seedling as Fig. 2, Xylem of P and P’ 
branching : the outward branches will form xylem of scj ; the inward branches that of the coleoptj]^. 
li.ice within the stele (a:.), x 155. 

Fig. 4. Mesocctyl of same seedling a little below the first node. Traces M and x face each 
other in the stele ; they arc bonlered by a well-defined root-plate on either side. The inverted 
scutclluni trace (rr.') is quite distinct from the stele, x 64. 

Fig. 5. Stele and scutellum trace more highly magnified a little below Fig. 4 in the same 
seedling. Scutellum trace with two distinct phloem groups, two groups of mctaxylem, one o( 
protoxylem. Root-plates very clear (r/., in stele, x 150. 

Zi:dinia aquaiica, L. 

Fig. 6. Drawing of seedling, life-size. . 7 ., grain; A'., primary root; Ep., epiblast ; />/ 
plumule ; coi^ coleoptile. The doited line A. A. indicates level of Figs. 7 and 8. 

Fig. 7. Diagram of first node from seedling drawn in Fig. 6. The section is taken at level 
A.A. (Fig. 6). Lettering as in Avena. x 40. 

Fig. 8. Detail of the space enclosed by dotted lines in Fig. 7. Letters as before, x 240. 

PLATL X. 

/izanii aqmtica, I- 

Fig, 9. Vascular girdle from older seedling. The coleoptile tr.nces P and P" have not ret 
entered the stele. They are approaching it in direction indicated by arrows. Cauline root given oti 
at r, X 66. 

Sor^hu'u vul^iire, Per>. 

Fig. to. Mesocotyl of young seedling drawn in Text-fig. 20, p. 1 S6. 'rr.ansversc section a li:u' 
above insertion of scutellum. x 260. /Xj., protoxylem of scutellum trace within stele; /.r 
protoxylem of downward coleoptile traces; /.tj., protoxylem of .1/, which is tnidrib of first kni; 
rx,^ rx., ‘ sentinel vessels ’ of root-xylein. 

Fig. II. Coleoptile bundle from older scnlling. 'I'wo |>lilocm groups very distinct, x 3J0, 

Fig. 12. First node, from same seedling .is Kig. 11. Thtr xylem of the coleoptile bundles /’an ! 
P' forms a bridge across the stele. .Some ihin-wallcd dements oi large Umun .apivear at perij lur^ 
of stele (root'xylem\ x 75. 

Jmornum an’uHijoliuvf .Soimer. 

Fig. 13, Transverse section just above first node. /' .ir«l I*' are branching to meet emtial 
traces. The xylem girdle is nearly complete on one side ; on the other there is an isolated critical 
bundle (r.), which links up with the girdle a few sections lower in the series, x 190. 

Fig. 14. Hypocolylar stele of same seedling from same series, not far lielow first node. I.ajgi! 
group of protoxylem, common to all the traces ‘n centre. The arrous point to path^':n^ 
clear tissue dividing the traces, and partially bordered on either >i<ie In- metaxvlem. x 190. 

TifridiiX Prin^lti, .S. Wats. 

Pig. K. 1 lansvcr.Te section through bundle of cotylcchiri.iry she.ith in iij pcr part of its cour-i., 
ithas doubled on itself, and its protoxylem is cut twice (/.r., once going upward^, and a iCcM.'i 
time on its return. Lower tlowu, tlie two segmentssep.iMte. - Coiii; are 'I'evt-lig. .S. p, 16S.) x .'fo 






8 





oAmuds of Botany, 



10 . 






The Branching and Branch Shedding of 
Bothrodendron. 


BY 

MARJORIE LINDSEY. 

With Plate XI and three Figures in the Text. 

Introduction. 

T he object of this paper is to bring forward some new evidence with 
regard to the ulodendroid scars of Bothrodindron , and to discuss the 
ulodendroid condition both in this genus and in Lcpidodcudron. 

From very early in the history of Palaeobotany these two genera have 
been known to bear, in certain ca.ses.two opposite rows of dcpres.5ed circular 
scars on their main stem.s. 

Such stems were said to be in the ulodendroid condition, and practi- 
cally every possible type of appendicular organ has. at one time or another, 
been suggested as the cause of the scars. 

The various theories regarding the ulodendroid scars may therefcpre 
be grouped under five heads, representing the five pos.sible types of appen- 
dicular organ. 

U'c have then : — 

[. The floral theory, put forward by Rhode, and agreed to by Allan (li, 
who conip.ired the plant witli a cactus. 
i. The root theory, first suggested by Brongniart and more fully discussed 
by Carruthers (T), This was refuted by Williamson (14) and 
Thompson (111. 

.1. The bulbil theory of Stur (10), which was in its turn refuted by 
Sell im per (8), 

4- The cone theory due in the first place to Lindley and Hutton (5), but 
confirmed by many others, notably Thompson (11). For long thi<= 
was the accepted theory, but it has recently been shown to be impro- 
bable by Watson (12) and Renier (7), who prefer 
, 1 - 'I he branch theory, originally due to Stcrnbci^. 


(Annals of Bot.iny, Vol, XXIX. No, CXIV. April, 1315.! 
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The Branch Theories of the Origin of the Scar. 

In 1907 D. M. S. Watson ( 12 ) described a specimen of Rothrodendron 
in the Manchester Museum, and explained that it showed the ulodendroid 
scar to be left by a dehiscent branch, the base of which occupied the whole 
area of the scar. 

The surface of the .scar showed leaf-traces running out to the branch 

M. Renier ( 7 ) in his monograph described a specimen in which a branch 
of Bothrodendron was seen on one side ‘ of a very thin plate of shale rvhile 

in the same position, on the other 
side, was a ulodendroid scar with 
an eccentric umbilicus. He de- 
scribes this as indisputable evi- 
dence in favour of the branch 
theory. But, arguing from speci- 
mens of Lepidodendron, his con- 
clusions as to the way in which 
the branch was joined to the 
stem show that his conception of 
a branch theory differs funda- 
mentally from Watson’s. The one 
(Watson’s) supposes the branch 
to have been attached to the whole 
area of the scar, and to have 
been provided with some branch- 
shedding mechanism such as a 
layer of cork, and may therefore 
be described as the Abscission 
Layer Theory. 

The other ( Renier s) supposes 
the branch to have been attached 
to the stem by the iimbilicu.s 
alone, that the branch ‘ had a 
conical base like the branch of 
a calamite , and that the rest of the scar was formed by pressure as the 
branch and trunk grew in size simultaneously. This may therefore be 
known as the Vmbihcal Aitackvieut Theory. 

Text-figs. I and z show the essential differences between these t«o 
theories; in the case of the umbilical attachment theory the cortex of the 
branch was supposed to adhere to that of the stem over the area of the 
scar. Therefore the markings on the scar represent the markings on 
the inner side of the outer cortex of the branch, and beai' no relation.ship 
with the leaf-traces of the .stem. 



Text-fig. i. Illustrates the umbilical attachment 
theory, c.b., cortex of branch; f.a*., cortex of stem; 
leaf-traces of stem are represented by dotted lines, 
leaf-traces of branch by coiitiniunis lines; the prin 
cipal vascular axes are shaderl. 
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In a more recent paper in the Annals of Botany, July, 1914, Mr. 
\Vatson ( 13 ) has discus.scd thesc^vvo theories, objectinf; to the umbilical 
ittacliment theory on the following grounds: 

1, The relative insignificance of the secondary thickening in any 
Icpidodcndroid plant as compared with that which would be required by 
}[, Rcnier’s theory. 

2. No ulodendroid scars arc known in which the diameter of the 
umbilicus is more than a quarter of the diameter of the scar ; that is, the 
first stages as required by the 
umbilical attachment theory arc 
unknown. 

The weakness of the 
calamite branch analogy. 

4. The evidence of .striic- 
turc material shows no contrac- 
tion at the ba.se. 

p In the two new sections 
described by .Mr. Watson the 
whole base of branch i.s cut off 
by a thick layer of secondary 
tissue; th.at i,-;, there is a definite 
abscission layer. 

There arc only two ad- 
ditional arguments which I 
should like to bring forward. 

For the sake of argument. 

.Mr. Watson admits M. kenier's 
rontention that the leaf-trace 
markings on both halvc.s of his 
specimen do not correspond in 
position. But if the figure of 

one half of the specimen i.s traced and the tracing reversed on to the figure 
of the other half, it will be seen that the leaf-tr.ace markings agree \cry 
clo.sely in positi"n and are equal in number. 

The .second point concerns the arrangement of the leaf-trace markings 
on the scar. In the specimen.s figured by M. Renicr .and in many other 
"cll-known figures such as those of Stur, the quincuncial arrangement 
of the leaf-traces on the trunk is continued on the lower part of tlie 
scar, and tlii.s was used as an argument that the scar, except the umbilicus, 
"as of the .same nature as the trunk -that it was, in fact, merely a flattened 
portion thereof. But thi.s docs not take into consideration the fact that on 
the upper part of the scar the leaf-traces arc very differently arranged. On 
the absci.ssion layer theory the whole area of the scar simply represents 



Ti:\ I -I lu. 1 . lllu-tr.rtrslhc .il.scission layer ihcory, 
I Ik' i.ea\y UroUeii line in.arks position of abseissjoii 
lavci ; o'h* rwiFf 35 in i. 
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the plane of separation of a fallen branch and the leaf-traces passing out to 
the branch would of necessity cut this j^ne of separation and leave their 
impressions thereon. The leaf-trace markings on the lower part of the .sea,- 
would be more or less in continuity with those on the stem below, because 
the leaf-traces belong to the same phyllotactic serie.s in both and cut the 
abscission layer and the stem at approximately the same angle in bctli. On 
the upper part of the scar, however, it will be seen from Text-fig. 2 that the 
leaf-traces run almost parallel to the plane of the .scar, and so they would 
appear not as small punctations or dots, but as an irregular series of 
elongated scars. 


Dkscrii'tiox of two nkw SrncTMENS. 

There are in the M.anchester Museum two hitherto iindc.sciibed 
specimens of Rothrodendron mututifolmm ; these two now specimens ;irc 
among the finest known. The first consists of a large branch .some fifteen 
inches in length (PI. XI, Fig. i). Tliis was partly exposed in a matrix of 
shale, which, being very easily split, allowed further portion.s of the branch 
to be exposed on development with a small chisel. 

The main stem is about two inches in diameter, and at a distance of 
some six inches from the lower end of the specimen it branches didioto- 
mously (PI. XI, Fig. 2 ). The left branch dichotomizes ag.ain almost 
immediately, giving the appearance of three equal branches. .Slightly 
further up, these three all dichotomize freely, forming a bushy mass of small 
branches, so that farther development in this region merely leads to further 
branches being disclosed below on successive layers of shale. 

The upper portions of the branch show the typical Bothrodendm 
minutifolium foliage (PI. XI. Fig. Lower down, this foliage has fallen 
off, leaving the spirally arranged oval scars plainly visible. These scars 
have the three punctations representing the vascular bundle and the 
parichnos, and above each is seen the imprcs.sion of the ligular pit. 

They are separated from each other by about half an inch, and the 
area between is marked by transverse furrows. As was mentioned b)- 
Zeiller (15), when more highly magnified the ridges between the furrows 
are seen to be covered by a number of raised circular structiiics. with 
a depression in the centre of each. It is not quite clear what these repre- 
.sent, but they are possibly in the nature of stomata. 

But it is the base of the specimen which renders it so valuable (I’l. XI, 

tj)' The ba.se of the stem on development was found gradually to 
broaden out into a trumpet-shaped body, and then to end quite suddcnlt' 
and cleanly in a convex edge, which corresponds in size with the diameter of 
an ordinary ulodendroid scar. This convex edge was not due to .accident in 
fossiiization, but was really the true ending of the branch. The rest of 
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(lic preservation is so excellent that had the branch been any longer or in 
any "’■'y diff^iont in form, it rvould most certainly have shown the fact quite 

cleai'l/' 

The other specimen (PI, Xf, Fig. 4) is of rather a different nature: it 


con.sists of what appears to be the 
termination of a main trunk, which 
oircs off branches in two opposite 
jnil alternate rows — an entirely new 
form of branching for a Boihro- 
lUndron. 

The various surface features, 
such as leaf scars, are nearly as well 
preserved as in the first specimen. 
The m.ain axis is about fourteen 
inches in length and i,s an inch in 
diameter in its widest part. There 
arc file branches well shown, and 
these each have a broadened 
trumpet-shaped base. Some are 
seen to dichotomize at a short 
distance from the main stem. (See 
Text-fig. t) Others show clear 
evidence of the spreading, bushy 
raas.s of small branches which 
characterized the other specimen. 
This is well shown in the lowest 
branch exposed. Here we have a 
branch the base of which gradually 
broadens out until it is about two 
and a half times the size of the 
branch itself in diameter. Thi.s is 
exactly the relation in size of 
the branch to its base in lire 
first specimen, and at a .similar 
distance in both the branches 
dichntomizc and spread out. In 
both, also, further branches below 
are exposed on excavation, and 
111 both the foliage is retained 
on the upper portion, while lower t 
leaf .scars. 





ThxT'KK;. 3. iiolhc.kntiron 
J nnt, size. 

n it has fallen away, leaving typical 


A very important point to notice in connexion with this specimen 
IS the fact tliat tile cortex of the branch is continuous with that of the main 
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stem. From this it seems clear that the branch was attached to the stem 
in a quite normal way, and not in the manner in which M. Renier suppos^j 
for in the latter case there would be a distinct ring where the cortex of the 
■Stem joined that of the branch. 

It seems reasonablj' certain that while the second specimen is a main 
stem with the branches attached, the first is a branch which has fallen off. 
Such a branch on falling would leave a ulodendroid scar. Supposinir 
all the branches were to fall off the .second specimen you would then have 
two alternate rows of scars on opposite sides of a main axis just as i.s 
most usual in ulodendroid stems. 

In regard to this, however, one question crops up, and that is in 
connexion with the spacing of such scars. Should the branches fall from 
the second specimen, the distance between consecutive .scars would be 
considerable, and though not as large as appear.s at first sight owing to the 
base.s of the branches spreading out as they do, still it would leave larger 
spaces between than occur in the stems figured by M. Renier. In these the 
scars are practically contiguous, as they are in a good many specimens 
figured. But this close arrangement is not universal. In the Manchc.stcr 
Museum, it is true, there arc a certain number of examples of this type, but 
there are also others in which the .scars have a .separation of eight or nine 
inches. There is unfortunately no series of scars of the size such as would 
be left on specimen 2 (which is obviously far from full-grown) ; the most 
usual is that of specimen i, i. c. about .5-J inches in diameter. Takin.g, then, 
six specimens which showed scars of approximately this size, the distances 
between consecutive scars were mc.a.sured with the following results: 
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It would therefore seem a.s if the distance between one .scar and 
the next was not constant, but probably depended on conditions of growth, 
or possibly on the genus of the specimen, for in the specimens in the 
Manchester Museum it is noticeable that the scars on Holliroiliiulroi aie, 
on the whole, further apart than those of Ulodendron proper, atid it has 
already been pointed out that the specimens figured by Renier are 
Lepidodendron, whereas the two new specimens are Buthrodendron. Ihcic 
are not, however, enough specimens of Vlodcndron wrr/'ar (i. c. the lepido- 
dendroid form) from which to state this as a definite assertion, but it docs 
seem quite reasonable. 
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relation of BOTIIRODENUROX I'UNCTATU-M TO BOTHRODEXDRON 
MJNUTIFOLIUM. 

In the paper by Rcnicr (7) mentioned before, he states that Botkro 
jifidfon pnnctatum and liothrodcndron minutifolium are in reality only one 
species — in fact, that he has found both types of surface-marking on the 
same specimen. In both, the leaf scars are practically the same, the 
difference between them being (a) the bark (which in minulifolium shows 
transverse furrows, while ptmetatum is said to be longitudinally marked), and 
(/)) the fact that Bothredendron punctaUim has ulodendroid scars, while 
Bothrodemiron minutifolium has none. 

Decidedly B. minutifolium shows transverse marking.s on the bark; 
but whether the markings in B. punctatum arc of the same nature or due to 
a splitting of the bark consequent on growth, as was suggested by Renier, 

I am unable to say from observations, but it docs seem quite reasonable. 

As to the other point, (b), in many cases of ulodendroid Bothrodendrons 
the surface is not sufficiently well preserved for these furrows to be observed, 
and so it may be that many large stems bearing scars may have had either 
one kind of marking or the other, the presence of scars being the sole reason 
for their being called punctatum. 

In any case the two .species arc obviously closely allied, and it is quite 
probable that what happens in one species in such an important matter as 
branch-shedding will have its counterpart in the other. 

Therefore if Botkrudeudrou punctatum had ulodendroid scars it is 
at least probable that Bothrodcudron minutifolium had also ; hence the fact 
that the two new specimens here dc.scribctl are Bothrodcudrou minulifolium 
need be no serious argument against their being evidence in favour of the 
ab.'cission layer theory of the ulodendroid scar. 

SUM.MAKV. 

In the foregoing paper two new .'.pecimens of Bothrodcudrou mi/iuli- 
Miiiin arc described -one showing branching of a type hitherto undescribed. 
It coii-ists of the end of a main axis with opposite rows of alternate 
btaiiches with trumpet-shaped ba.ses. The cortc.x of the main stem is 
continuous with that of the branches, showing the branches to be attached 
in quite a normal way. These branches themselves show the ordinary 
bush)-, spreading ma.ss of .small branches usual in known Bothrodendron.s. 

It is ci|ually clear that the other .specimen is a similar though larger 
branch which has fallen away -its clean-cut, trumpet-shaped ending suggest- 
raS tirat it has broken aw ay along a definite absei.ssion laj'cr. . 

Though previously described Bothrodendrons in the ulodendroid 
condition have been attributed to Bothrodcudrou punctatum. the fact that 
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these new specimens are Bothrodendrou miimtifolium is not an insurmount- 
able difficulty, since these two species, if not identical, arc at any rate very 
closely allied, and it is therefore quite probable that both had the same 
method of shedding. 

Finally, I wish to express my thanks to Dr. Hicklingfor his assistance 
in the preparation of tliis paper, and also for the photographs with which it 
is illustrated. 

Geological Depart.mekt, 

The University, Manchester. 
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DESCRIPTION OF PLATf. ,\l. 

Illiislrating Miss Marjorie I iud'iey’s paper on the Pr.aiiching ainl Branch Sh- <Ming ul /iolhiodt; 1. id. 

1 ig. I . First s.[)echncn of l>olhrodindron mitiulifdium., showing the liu-.hy n.attire of ilic br.iiicli. 
Fig. 2. I he b.TSe of llie first sj>eciiiieii, sli wing tlic dichotoiiiy and the tnimjict-sh.T]».‘tl eiulii.g. 
Fig, 3. Part of the surface of IfothyoiUndioti niiuutiJoHum., showing leaf cusliioiib wlUi \.i>ci.u:'r 
scars and the ligular pit, and also the fiirrow.s in between the scai<. 

Fig. 4. 'Ihe second specimen of Ijothrodnidroii minuiifolinm, showing tlic main a\is uita 
alternate branches on each sitic, each brancli of a sj ieading, bii^.liy ualuic ami with .a luEiii P'' 
shaped base. 









lindsey-bothrodendron 



A Second Contribution to our Knowledge of the Anatomy 
of the Cone and Fertile Stem of Equisetum, 


BV 

ISABEL M. P. BROWN' i;. 

With Plates XH-XIV and five Figures in the Text, 

I should like to prefix to ihi.s Second Contribution an expression of 
rcijict that, owing to a printer’s error, Text-fig. 2 of my cailier paper on 
Eijuisi'tiii'i was printed upside down (Browne, p. <5^9). 

T he present investigations were confined \.o Etjiiiscltim maxiiiinm.'Ld.m. 

(E. Tiiiim/i'iii, Elir.). Two complete cones were cut seri.dly into 
transverse sections ; these I .shall henceforward term Cones A and B. 
Cone A was young ; about one-half of it was covered by the uppermost 
ivhorl of leaves of the fertile stem. Including the terminal group of un- 
differentiated or congenitally concrcsccnt .spurangiophorcs, the length of 
the cone was about i-;, inches ; the actual height of the axial stele, a longi- 
tudinal reconstruction of the xylem of which was made, was M j inches. 
■U its wide.st the stele of the axis of this cone had a diameter of about 
4 ;;, mm. ,\t the lower end the destruction of the pith— owing to the 
,;ro\vth in diameter of the stem— h.ad only just been initiated. The degree 
of didurbance of the central cells of the pith varied a little locally, but 
relalivch' few cells were involved, and at this early stage the pith cannot be 
aid to be definitely fistular in any part of the cone. .Xs we pass upward.s 
the cells of the pith gradually cease to be destroyed or to suffer distortion. 
Cone H w.is a vci')’ hirge one and fully mature, though the apical ‘ drip- 
l«Jint ’ remained, as it .seems .always to remain, externally undifferentiated 
i'Ho distinct sporangiophorcs. The longitudinal recun.slruction of the xj lcni 
extended from tlic supra-annular fn-ions (Browne, p, 690-41 to the point 
■1 uldeh a single, large, terminal str.md enters the termin.d ‘ drip-point 
a height ul just under three inches ; incltuiing the hitter, the height ol the 
O'iii w.is over tliiee inches. I hough this cone w.is large, il was by no incaii.s 
exceptiunal in ic.spcct of its si/c. Of a branching cone, C, the upper 
IJ.ut, which included the region of branching, was cut serially. The region 

l A iinalh Ot Botany, Vol. XXIX, No. CXIV. April, 1915.] 
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transitional from a large cone, Cone D, to the fertile stem was also cut 
seriall)', and proved abnormal in several respects. Serial longitudinal 
sections were made of a normal cone, E. Besides some hand-sections 
serial sections of portions of four normal cones were cut, but as their study 
only confirmed the conclusions from Cones A and B no description of them 
seems necc.ssary. Serial sections of a mature node of a sterile stem were 
also prepared for comparison with the fertile stem below Cone D. 

Anatomy ok tiik Com;. 

The longitudinal reconstructions of the .Nylcm in Cones A ;ind 
B (cf I’l. XII and PI. XIII) show that the whorls of traces arc not 
inserted truly horizontally on tlic axial stele ; this appearance is not due 
to the obliquity of the sections, as the appearance of the individual 
tracheidcs is that of the structures cut horizontally. The insertion, both 
of the traces and of the sporangiophores, is often rlistinctly irregular, but 
much more so in the large Cone B than in Cone A. In the lower region, 
where the elongation of the internodcs is naturally greater than in the upper 
part, it is often easy to recognize the traces that belong to any one whorl, 
In Cone A there seem to have been nineteen whorls, excluding the terminal 
cluster of incompletely differentiated sirorangiophorcs. In Cone B, owing 
to the much greater irregularity in the disposition of the traces and of the 
■sporangiophores, it is very difficult to estimate the number of whorls 
present. The impossibility of saying with any certainty to what whorl 
many of the traces belong makes it difficult to say of what order are the 
parenchj’matous meshes arising above some of them, or, in other words, to 
say into what number of internodcs these meshes extend. Thus, in Cone B, 
many of the whorls of traces are duplicated over a portion of their extent ; 
when this duplication takes place freely, we have what may be termed 
a pseudo-rvhorl : that is to .say, w hile the increase in tlic number of the 
traces in such a region, compared with the number of traces in other 
whorls in that part of the cone and with the diameter of the stele, is too 
great for us to regard this phenomenon as merely an unimportant variation 
leading to a .slight increa.se in the number of traces in a whorl, lire number 
of supernumerary traces that have been called into c.xistencc is not .sufii- 
cicntly large for them to constitute an independent whorl strictly ecpiivalcnt 
to other whorls in that pan of the cone. I c.stimate that there arc about 
twenty-eight whorls in Cone B, three of which arc psolido-whorls. Were 
lines delimiting these wliorls included in I'l. XII 1 they would be voiy 
sinuous and irregular; a.s, however, their cour.-e would hugely depend on 
individual interpretation, they have not been marked. A le.ss great 
increa.se in the number of tr.iccs of a whorl, though an increa.se Icailing to 
the development of traces, situated, as arc those of a pseudo-w horl, a little 
above other traces ol the whorl, I have* considered merely as a local diiph- 
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cation of that whorl. What I want to emphasize is that the difference 
between a pseudo-whorl and a local duplication of a whorl is one of degree ; 
consequently, in the classification of a group of traces, the drawing of 
a dividing line between a pseudo-whorl and a duplicated whorl is a matter 
of individual interpretation, and the classification is inevitably in some 
cases an arbitrary one. It is obvious that by regarding a group of traces 
as a duplication of an existing whorl or as an independent whorl (pseudo- 
whorl), a given mesh may be regarded as of the order x, or of the order 
I'+i. Even when this factor docs not come into play, parenchymatous 
meshes of the same actual length may, in the same region of the cone, 
belong to different orders, and this for three reasons. Firstly, because the 
sporangiophores and traces are inserted so irregularly on the axis and axial 
stele that different portions of the same internode may vary considerably 
in height. Secondly, because parenchymatous meshes may arise and be 
closed at very different distances above the departure of a trace; occa- 
..ioiially a mesh makes its appearance at such a height above a trace that 
it originates but little below the level of departure of the traces of the next 
uhorl above, and, if it is closed htilf-way up this second internode, this 
mesh of the second order is actutilly shorter than a mesh of the first order, 
extending tliroughout nearly tlic whole of one intcrnodc. Lastly, because the 
tendency of meshes to become dccurrcnt downwards and to one side of traces 
above which they may be considered to have originated in the phylogeny — 
a tendency noted in the study of the cones of F.. palustrc and E. limosum 
(Browne, p. 673) is ti well-marked character of cones of E. vmxinmin — and 
often increases the length of a mesh without bringing it under the category 
of a mesh of a higher order. These difficulties in the estimation of the 
height of the meshes, p.irticularK' in the classification of those of Cone B, 
must be borne in mind in studying the following analysis of the nature and 
number of these meshes. 

Mksiif.s uKiGiSAnN.; wirniN riir: i UKMTri.vrs. 

(i. c. above the luvve.t uiiori of sporaiij^iophores.; 
t • ;; 4 5 r, 7 8 (> 10 ]l i7 

low A 30 ij 7 5 ; 3 0 o o o 0 SS 

II 33 46 31 I'j 10 5 5 4 ,t -' .V 1 1^; 

This table docs not give the full number of meshes extending into the 
rone, fur some of the meshes arising above the annulus, and some of those 
an.sing above the uiipcrmosi whorl of leaves, persist into the cone for varying 
(listanccs, The number and nature of these two sets of meshes arising 
wspeclively above the annulus and above the uppermost whorl of leaves arc 
siren in the two following t.iblcs. Those, in the first of these two tables, of 
elders higher than the first order, and in the second table of orders higher than 
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the second order, persist into the cone itself, i. e. into the internode above 
the lowest sporangiophores. 

Meshes originating above the Annulus. 

(The space between the anmilus and the lowest fertile whorl is considered as an interiiode.) 
OnUrs .-I 2 5 4 5 7 ^ 'I'oinL 

Cone A 1 2 1 o o o o 7 

Cone r. o I 5 1 2 * I I 10 

Mesuf-S originating above the Last Leafy W hori,. 

(The spaces between the last Icaf-whorl and ihc aninilus, an-l httween the latter and the lowest 
fertile whorl, are considered as internodes.) 

OrJers: I 2 4 > 7 S 9 10 11 17 

Cone A 6 5 4 2 5 o * o I o o 

Cone B 10 9 7 5 .1 2 1 1 o 1 I 1 

General CiiAiiACTERS of the Xveem oe the Cone. 

The individual traclicidc.s of the cone of li. maximum lescmblc in 
structure those of tlic other cones of Eqxisclum studied by me, viz. 
E. arvense, E. pabtstre, and E. Umosnm ; tliat is to say, they are provided 
with spiral or annular thickenings. In the species at present under cim- 
sideration they are markedly less strongly lignificci, and their walls ,iic 
frequently only slightly thickened. In mature cones their average diametet 
is slightly le.ss than in the three .specic.s already’ studied. Moreover, there 
are more parenchymatous cells mingled with them than with tire tr.ichcidcs 
of the other species. In comparing the rccon.''truction.s of the xylem of the 
cones of if. maximum with the reconstructions of the xylem of such 
a species as E. arvcusi. wc should bear in uiind tliat in the latter S[)ecic.s 
the xylem constitute.s a more or less solid cylinder, though one of little 
radial depth, while in the former the xylem forms a cylinder consisting 
chiefly of woody' cells, but also of numerous patches of unlignificd 
parenchyma. These patches arc too Miiall to be shown in the recon- 
structions of the xylem ; they are commonest at the extreme base of large 
cones such as Cones iJ and D (.-ec I’l. XIV, Fig. 3]. In places, it is true, 
and oftencst near the point of departure of a trace, the .xylem of a bundle 
forms a more or U's ec'nlimicms band (see I'l. XIV, Fig. 1). IJctadied 
groups of traclieide:-, usinlly of .■■m.ill c.dibre, oeciir more internally in the 
bundle, as they do in nil the .epedc.- .-tudied, but ratlicr more frciiiantly 
than in these, .Such gionp.^ of small Iracheides tend to become loi n and 
disorganized very early, before the formation of definite earinal e.iiial-. 
The traces of the .siioraiigiophorcs of Jiijuiscliim maximum aie i.iiiier 
.smaller than lho.se of tile other .species studied, and in tlic lungitutlhul 
reconstructions of the xylem of the cones it has, in many ca-es. been 
necessary .slightly to exaggerate their size, in order that they shouiel be 
clearly distinguishable. 
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The Course of the Vascui.ar Strands in the Cone. 

Iei an analysis of the structure of the cones of f- arvense, E. palnstre, 
it was pointed out that the irregular network of the strands 
the cone of the last species had probably ari.scn in the phylogeny from 
the more regular type of .stele found in E. arvensc. lieasons were given 
for believing that the more primitive type of mesh was one of the first 
order ; that is to .say a parenchymatous tract of tissue arising above a trace 
that has departed and one confined to a single internode. In the phylogeny 
nieshes of a higher order seem to have arisen when the development of 
additional xylem at the fertile node was insufficient to close a pre-existing 
mesh by the union of two neighbouring strands. Any increase of xylem 
at the node tended, when insufficient to clo.se a mesh, to narrow it. It was 
found that in cases in which a wide sweep of xylem extended uninterruptedly 
iipuard.s, above a trace that had departed, throughout a whole internode, 
the absence of a parenchymatous mesh was due to unusual development of 
llic woody tis.sues. Such cases were uncommon even in E. arvense ; they 
occurred more rarely still in E^. foluslrc. and none were observed in E. li- 
imm. In all other cases the fact that no fresh mesh originated above 
a trace seemed to be due to poor development of xylem. Thus, if owing 
to the development of little additiontd xylem in the trace-bearing region 
a trace was given off from the edge of a vascular strand, the dying out of 
tl'.e xylem vertically above this trace involved, not the formation of a fresh 
mesh, but the sudden w idening of one arising at a lower level. In cases 
uhcic even less xylem was produced at the node, the parenchymatous 
me.sl'.es on cither side of a strand per.-isted unnarrowed through the trace- 
baring icgion. and no fre.sh mesh was formed, though tlie trace departed 
Irora the middle of the strand. A tendency was noticed in cones .showing 
aicdm tion of the vascular ss'stcm for ;i ]r,ircnch\Tnatous mesh to become 
dccuncnt for a little distance below and to one side of the ir.acc above which it 
was coiisidciccl, iihylogenctically, to have arisen. Lastly, in cones .showing 
vet; considerable 1 eduction, some ol the n.itrow cr .'trands occasionally passed 
ilii' iugli a node w ithout giving oil a trace, b'or a fuller discussion of the 
«ays ill which the reduction of the xylem made itself fell in E. 

y.ihi.\lrL\ and /■.. liinosinii. tlic rc.uicr is referred to pp. bbb and 
i'i ' ^’7,1 h of m\- c.iilici p,i|icr on t.quisctniii. 

In the cone of E.qnh, hur, though thcrcare ccit.iiil cliaracTci.s 

■I'l lo'.ind in the cones of the other species, the strucluic of which was 
'i"csligalcii, rialiiction of tlic xylem of tiie cone has proceeded along the 
s.inie general Iine.s .is in lliose spccic.s. That is to say, parenchymatous 
tiadics tend to pcisist tiuough mimcrous intcrnodc.s, to become extended 
l^tn.illy, and i'or a little distance downward.s ; narrow strands also occa- 
■wnally f.iil to give off traces at a node icl. especially the rcconstiuclion of 
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the xj'Iem of Cone B, PI. XIII). One expression of reduction common 
in the cone of E. twiosmn was not observed in the cone of E. maximum- 
in no case did two meshes originating independently become confluent 
owing to the dying out of the trace-bearing strand between them. 

From what has been said above, it is evident that the reduction of the 
xylem leads to tlie formation of fewer meshes relatively to the size of 
the cone, but of meshes of higher orders. For instance, if the xylem 
forming a little island between two of the strands of the sixth whorl 
of Cone A (cf. PI. XII) had been considerably more developed, and had 
fused with one or other of the strands between which it lies, the mesh 
between the strands giving rise to the fourteenth and fifteenth traces of this 
whorl would have been markedly constricted at this level ; had the incie,i5c 
of xylem been sufficient to link the i.sland up with both the neighbourint; 
strands, this mesh, one of the third order arising above the whorl below, 
would have been converted into two meshes, the lower of the first and the 
upper of the second order. Thus the statistics giving the relative frequency 
of the meshes and the proportion among them of meshes of higher and 
lower orders are interesting. In the following table these stati.stics are 
given for two complete cones in each of the four species studied ; under 
each species the cone that has the best developed xylem relatively to its size 
is put first. The table is constructed on a comparative basis. Thus Cone A 
of Equisetunt arveuse, the cone with the most developed system of xylem 
relatively to its size, has been taken as the unit, and the others compared to it 
The first column, then, contains the actual number of parenchymatous 
meshe.s originating within the limits of each cone ; the second column gives 
the number of meshes we .should find in each cone, did these bear the .same 
proportion to the sporangiophorcs as they do in Cone A of E. arcense 
Columns 3, 4, and 5 refer rc.spcctivcly to the proportion of meshes of the 
first and second orders, of the third, fourth, fifth, and sixth orders, and 01 
orders higher than the sixth. In all cases the traces at the extreme apex 
of the cone, belonging to the terminal group of incompletely differentiated 
sporangiophorcs, have been left out of account. 
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Thus the proportion that the meshes bear to the number of sporangio- 
phorcs is by far largest in Eguisetum arveuse ; the species which comes next 
j„ this matter, and therefore shows a lesser degree of reduction than the 
remaining species, is E. palustre ; then follows E. maximum, and lastly 
p, Umosum. But taking the average of the two cones, the proportion of 
itieshcs to sporangiophorcs dilifcrs but little in the last two species. A further 
test of reduction of xylem is, as already explained, afforded bv the analysis 
of the proportion of meshes of relatively low and high orders. This test gives 
the same order of reduction of the species, viz. E. arvense, E. palustre, 
E. maximum, and E. Umosum, and again E. arvense shows by far tbe least 
reduction, while there is very little difference between E. maximum and 
E. Umosum. 

Mention has already been made, in the description of the other cones 
studied, of the occasional occurrence (except in that of E. Umosum) of 
considerable bands of woody tissues extending uninterruptedly above 
part of one whorl to the level of the next. Cones showing this character 
are regarded as displaying locally the greatest relative development 
of xylem observed in any internodc. If this continuous tract of xylem 
above a scries of traces were to involve the whole whorl instead of but 
one or two strands (the largest number I have observed to be involved 
except at the extreme apex of the cone of E. palustre), we .should have 
a complete woody cylinder, devoid of parenchymatous meshes even in the 
intcrnodcs. Such intcrnodal sweeps of xylem occur .several times in 
Cone A of E. maximum ; in one ca.se, between whorls 3 and 4. such 
a sweep forms a very conspicuous feature in the reconstruction ; relatively 
large sweeps of xylem above two or more traces that have departed arc 
not found in Cone B of E. maximum— perhaps not ,1 surprising fact, as the 
xylem of this cone is less well developed than that of Cone A. In both 
cones, however, we notice another feature bearing a superficial resemblance 
a this character, and leading to an increase of xylem in the internodc. 
This character consists in the linking up of two or three strauiis of .xylem by 
devclopinent of athUtional trachciites at a considerahle distance below the 
Ifartnrc of the traces ; sometimes this fusion of strands occurs but little 
above the level of the whorl below the one at which the connected strands 
give off ,a .scries of traces. These inteniodal sweeps of xylem must not be 
confused with those occurring above median traces ; the latter may perhaps 
be a primitive character retained in places, for they occur chiefly in the 
cones in which the xylem of the stele has undergone less reduction. The 
intcrnodal sweeps of xylem that originate at varying distances below 
a whorl, but never extend uninterruptedly and vertically above the traces 
"lone whorl to the level of those of the next, seem, on comparative grounds, 
to constitute a fresh character in the phylogeny. leading to the increase of 
icylem by a method different from that found in the more primitive types 
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of cone. This formation of infra-nodal bands of xylem in the cone is 
a m.irked characteristic of E. tnaximinn, and they must not, cither be 
confused with the relatively wide internodal strands, resulting from the 
fusion of two strands of the node below, that only give rise to a single trace 
at the next node. Such a strand may be as wide in the internode a.s a 
band of xylem that .at the next node gives ri.se to two or more traces ; but thp 
strand is truly single, and its origin from two whole strands results from a 
local diminution of the number of members in the upper of the two whorls 
while the two strands coinpo.sing the band, though closely fused, have not 
become truly one since they give off two traces. Relatively wide sinidc 
strands resulting from the fusion of two whole strands occur in E. mnriiiniiii 
e. g. trace ii of the sixth whorl and trace 7 of the .seventh whorl of 
Cone A (PI. XII) ; they are found, too, in E. !iiiwsinii,c. g. ti ace 3 of the third 
whorl of Cone A (Browne, p. 676. Text-fig. .I). 

In the cones of the other species studied, parenchymatous meshes 
occasionally, though very rarely, originated or were closed— or in other 
w'Ords, branching or fiusion of strands occurred, apparently unconnected 
with the departure of traces, or with an increase or decrease in the number 
of members of successive whorls. In Cone B these ana.stomoses arc rather 
more numerous, which is not surpiising if we remember that this cone 
a very irregular one. 

ALTERNb^iTtOX AND SffHRPOSITlON Of THE WlIORLS OF THE CONE. 

In E, ntaxinmni the alternation of the sporangiophores at the exterior 
of the cone is much less regular than in most of the species of the genus. 
Even to the naked eye considerable irregularity in the insertion of the 
sporangiophores is apparent, especially in the older and larger conc.s. 
Externally, Cone B afforded clear indications of the occurrence of pscuilo- 
whorls and of the local duplication of whorls. Still, the generalization that 
the sporangiophores of siicccs.sivc whorls alternate with one another hold.s 
good for the relation obtaining in the great majority of cases. 

It was recorded in the previous paper on Equisetum that the super- 
position of the meshes to the traces above which they arise was sometimes 
disturbed by a change in the number of traces in successive whorl.s. 
Owing to the much greater variation in the number of meinber.s in 
successive whorls of Cone B of /f. maximum, and to the inegiilarity 
of their insertion, this di.sturbanec of w'hat may be regarded as the primitive 
position of the meshes (viz. one vertically above the traces) is much more 
widespread in this cone than in the others. But even in Cone B, in the 
parts in which the axial xylem is well developed and numerous fresh 
meshes arise, and in which there is no great irregularity in the number and 
position of the traces, the superposition of the meshes at their point of origin 
to the traces can usually be clearly seen. In Cone A this superpo-sition 
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very clear in the great majority of ca!?es. In estimating the super- 
position and alternation from the longitudinal reconstructions, allowance must 
jie made for the convergence or divergence of the imaginary lines of super- 
position in accordance with the decrease or increase in width of the stele. 

It has already been pointed out (Browne, p. 679) that even in the species 
jii ivhich the sporangiophorcs alternated more or less regularly externally, 
there was no such regular alternation of the traces at their points of origin 
on the axial stele. When a parenchymatous mesh extends into more than 
two internocles the neighbouring traces cannot be accurately superposed 
to those of the second whorl in a downward direction, as they would be if 
the alternation of successive whorls were regular. In a cone, therefore, like 
that of E. maxiniiiiii, in which a considerable number of meshes extend into 
more than two intcrnodcs, cases of regular anatomical alternation are not 
verv common, even over a limitcrl area. 'I'hc ntorc reduced the xylem-sy.stem 
the rarer such cases will be. Thus we find in Cone A a certain number of 
traces alternating rather regularly with the coricsponding traces of the 
whorl below, and sometimes also with tliose of tlie whorl above. In 
Cone B such cases are relatively rarer. Cases of what I have elsewhere 
termed irregular alternation (Browne, pp. 681-2) arc common both in 
Cone A and in Cone B. There are four form.s of irregular alternation ; 
(1) The xylem strand of an internode may be formed by the fu.sion of 
a branch of a forking strand with a whole strand of the internode below; 
or 12) by the fusion of two whole sti-ands ; or ( ;) by the forking of a single 
^trand above tiic departure of a median trace, one or (4) both of the resulting 
strands giving off a trace. Of these modes of irregular alternation the first 
ii by far the commonest, while the last is very rare. 

More or le.ss regular superposition of traces of successive whorls occurs 
commonly in cones of E. moxunutn, as it does in those of E. linwsum, and 
moio rarely in those of E. f'ali/slrr and £■ orViiise. It arises in the same 
way as in tliose species. The parcnchynialous meshes on cither side 
of a strand extend upwards through several internodes, and as the strand 
thus piir.sucs an isolated cour.se through .several nodes, the traces given off 
iroin it are necessarily superposed. This superposition is clearly due 
to reduction of the vascular system. When tlie meshes persisting on either 
side of the trace-bearing strand arc narrowed by the formation of a certain 
amount of additional xylem at the node, the traces of successive whorls are 
not necessarily accurately superposed, since it is possible for successive 
liaccs to depart from different sides of tire strand ; but where the reduction 
of si lcin at the notlc is greater, and the strand remains relatively narrow, 
the siipei position of traces given off by it at successive wliorls is necessarily 
more accurate. In Cone .\, in which the xj-Icm is relatiiely well developed, 
a single strand docs not seem to give off more than three, or at most four, 
fonsecutive and superposed tr.iccs ; but in Cone B, an isolaletl strand some- 
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times f;a\'e off as many as seven superposed traces. In Cones A and B of 
E. limosnm, a species in which the stele of the cone seems to he even more 
reduced than in E, maxhnnm. I estimate the highest number of superposed 
traces given off successively by a single strand as respectively four and 
seven, the lower number being again characteri.stic of the cone with the 
better developed xylem. 

Medullary Traciieides. 

Stiles has already recorded the presence of groups of medullary tra- 
cheides in a branched cone of E. maximum (Stiles, pp. 1 14-16), I have met 
with medullary strands or small groups of medullary tracheides in three of 
the seven cones of E. maximum that I studied, i. e. in Cones A, B, and C. In 
the other cones I found no traces of medullary xylem ; but this by no 
means proved that these cones never developed medullary tracheides. 
The series of sections of cones other than Cones A, B, and E were not 
complete, and it is possible that some of these cones had medullary tra- 
cheidos in parts of the cone. Moreover, except in young cones, or in the 
young parts of cones, the pith, or at least the central part of the pith, has 
perished, and small medullary .strands may have perished too. Such strands 
would probably tend to persist somewhat longer than the soft parenchyma ; 
an illustration of this tendency is afforded by Cone B, in which the group 
of medullary tracheides is embedded in a projection of pith extending for 
a considerable distance into the central cavity. But where thei'c is a very 
large central cavity, a.s in the lower parts of large mature cones of E. num- 
mum, medullary tracheides might well disappear, as do the tracheides 
developed in the position later occupied by the carinal canals, the destruc- 
tion of which often begins even near the apex, where the .stele remains 
relatively narrow. Only an examination of a con.siderablc number of cones 
in which the cells of the pith are .still intact can settle the question of the 
relative frequency of the medullary strands in the cone ; but I am inclined 
to believe that in the species under con.sidcration they arc not uncommon. 

Speaking generally, the presence of mcdullaiy tracheides in a section 
is easily recognized, even by the naked eye, owing to the irregular agglo- 
meration of darkly coloured tannin-cells around them. A similar irrcgulai 
concentration of large tannin-cells occurs on cither side of the ring formed 
by the .stele and all round the departing traces. Tannin-cells accompanying 
vascular tissue tend to have their long axes directed parallel to those of the 
tracheides. Besides the.se tannin-cells, associated with vascular tis.uie. 
isolated tannin-cells occur scattered more thinly throughout the pith and 
cortex. In all cases the outline of the medullary strands is shown in the 
longitudinal reconstructions by a broken line, black on the white and white 
on the black part of the di.agrain. 

In Cone A the medullary strand, though deeply seated, wa.s slightly 
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eccentric, and in the longitudinal reconstruction it has been shown on the 
strand on the radius of which it occurs considerably further in. The manner 
of its ending in a downward direction could not be ascertained, owing to 
the disturbance of the cells of the pith in which it was embedded ; but the 
strand was clearly a short one. Iwcn where it is preserved, the incipient 
disintegration of the central tissue of the cone makes it difficult to ascertain 
the details of its structure. It seems to consist of' numerous tracheides 
mixed with unlignified parenchyma, much as do the normal bundles, and 
of small celts pointing obliquely outwards, resembling those inside the peri- 
cj'clc of the normal stele, cells which wc may provisionally term phloem. 
The orientation of this strand is therefore nearly normal. 

In Cone 11 such medullary tracheides as have been preserved are 
arranged very irregularly, many running for a part of their course hori- 
/.ontally or obliquely across the cone. The medullary strand consists 
of elements similar to those of Cone A, but the phloern-likc cells are 
distributed irregularly on all sides, while irregular cndodcrmal markings 
may be seen in .some of the cells outside the tracheides. In a vertical 
direction the c.xtcnt ot this medullary strand is very small, and passing 
upwards it dies out as two very small groups of tracheides, separated 
b)' a few phlocm-likc cells. 

In the branched cone, C, these medullary strands are much more 
important. There arc two of them, quite independent of one another. 
Throughout their course they remain at very much the same depth in the 
pith, but the larger one docs not run quite vertically, being found now on 
the radius of one bundle, now on that of one of its neighbours. The 
lower and larger medullary strand originates about i*', cm. from the main 
apex of the cone ; it extends into four intcrnodcs. and its total length 
is nearly 5 mm. Its branchings, the vaiiations in its width and its course 
with reference to the radii of thcbundlc.s, can be seen in the longitudinal 
reconstruction (Text-fig. 4, p. 250). As rcgard.s radial depth, this strand 
occupied a position rather more than half way out between the centre of the 
pith and its periplicr)'. If wc trace its course from below upwards we find 
that before any tracheides appear there is a little patch of about eight thick- 
walled cells, noticeably smaller than those of the pith. These cells are 
from six to fifteen times snullcr than those of the pith, the variation in size 
occurring not in the cells of the medullary patcli but in those of the pith. 
fJut.-^ide this patch of thicker-walled small cells the thin-walled cells 
iricrcasc gradually in size until wc reach the large cells typical of the pith. 

soon, before any tracheides appear, small phloem-like cells are to be 
found facing obliquely outwards; a little further up two or three tracheide.s 
r'^entical with those of the normal bundle make their appearance. The 
tracheides and phloem-likc cells increase in number, and the latter spread 
round the former until they nearly enclose them. These phlocm-likc cells 

R 
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are, however, absent from about onc-ninlh of the circiimrerencc of the stiand 
from the ninth that points straight outwards. A little later they die out 
except on the inner side, and we get a medullary strand with inverted 
orientation, an orientation maintained throughout the rest of its course 
At its inception the strand was intermediate in orientation between an 
inverted and a normal bundle, but nearer to the latter. Where the strand 
is largest, just before it branches (see Tc.xt-fig. 4 and PI. XIV, Fig. 2 ) 
contains, in cross-section, rather more than tliirty tracheidcs. As the small 
phloem-like cells are the first to appear, so they are also the last to die out 
No traces of endodcrmal markings were observed in the cells round this 
medullary strand, but in E. maxinitiiii they arc not usu.illy rccognizabl,. 
outside the normal stele of the m.aturc cones. The other much .shorter 
medullary strand arises just as the lower one is dying out, and is about 
a millimetre in length. It lies about half-way between the normal slelar 
bundles and the centre of the pith. It is not surrounded by a marked t'm 
of tannin-cells, but, at the level of its origin, scattered tannin-celLs arc 
c.xceptionally numerous in the pith. 

Though no other medullary strands were met with in Cone C, I found 
two or three patche.s of unlignified cells like* those that occurred above and 
below the medullary v.i.scular tissue (see PI. XIV, Fig. 2, on the reader’; 
right) ; these seem to have been groups of cells that might, under conditions 
slightly more favourable to the development of xylem, have given rise to 
medullary tracheides. 

STRUctfkt; OK Tilt: Akkx ok tmi: Conk. 

The apex of the stele of the cone of E. ninximiiin resembles that of the 
cone of E. palustrc rather than the apices of the steles of the cones 
of E. ari'cnse or E.. limosnm. For in the last two species a certain niimbei 
of the parenchj’matous meshes of the cone persist round the strand or 
strands entering the terminal structure, while in E. faliisirc and in E. nuui- 
vmvi all the parenchymatous meshes of the cone seem to be clo,scd at the 
apex. Further, in !•.. arvense two or more strands persist into the apex ol 
the cone, and in E. Ivnosuni the terminal trace forms the c<mtinuatioii 
of one of the strands of the internode below. In It. patnshr anil E. HHui- 
nium there arises a closed ring of wood, which narrows rapidly, losing its 
’pith’, to form a large .solid strand that pa.sscs into the apical structure. 
The actual diameter of this strand is greater in E. maximum than in 
E. paluslre. 

Course of the Tiuvces in the Corte.n ok xtiu Cone. 

The traces entering the sporangiophores of E. do not always 

pa.ss out radially, but undergo torsion to the left or to the right. This 
is clearly the result of the poor development of the axial xylem at the 
fertile node ; some tracts of parenchyma persist at this level in all cones of 
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j: iihniii/nm, and as the sporangiophores arc more or less equidistant 
f,Qni one another, some of the incoming traces have to curve in order 
10 attach themselves to a strand. The smaller the amount of xylem 
p,jsent at the fertile node the more numerous and the wider will be the 
parenchymatous meshes that persist ; consequently, as a rule, the larger will 
pe the number of incoming traces undergoing torsion, and the greater the 
degree of this torsion. 

Some of the traces of the cones of F. maxiinum diverge more or less 
steeply downwards ; others pass our horizontally, while yet others traverse 
the cortex in an obliquely upward direction. .Statistics of the divergence 
of the traces of different whorls are given in the appended table for Cones 
,\ anil B. Owing to the greater number of whorls in the latter cone, 
idioils which would be numbered alike in both cones would not occupy the 
aiTie relative position. So far as was possible whorls were selected 
occupying the same relative po.sitions in both cones ; but the desirability 
of avoiding p.seudo- whorls and whorls in which the cortex had been 
damaged, either in nature or by mounting, made it impossible to choose 
only whorls of exactly the same relative position. The whorls chosen 
iverc, counting from below upwards: Cone A, whorl.s i. 4, K, i:, and i; ; 
for Cone B. whorls i, H, iq, ly, 26, and ay, the statistics for the last two 
being included under one head owing to their irregularity. These whorls 
have been lettered as Series .\ to Iv, from below upwards, so as to bring 
out the correspondence in tlicir relative positions in both cones. 

lUVERnKNCM til niK Tr.M FS in IHK C-’KIFA "I C.)NF> ttF /•'. .I.'.f V. 

f.MrcmiS .V d'ivftftttcc. ./rv/ j^v oj tnKfS. 

A A I.'* ilowBw.TnU. .V 2 ^ downwards. 

A 275 >4 i,fOO/i downw.Trd!!. 997 '^*>* downwards. 

]'■ A 200/* iipwanU-i^i #1 dovinwar-U. - 9 '.'^ downwards. 

H 15 402 downw.ard*. downwards. 

C .A 200^ downw.irds. ,15 >-5 ^4 downwards. 

C I’l u))\»art5'-42o /I tlovviiw.ards. « downw.ard>. 

ii .\ .’.oofi nj'W;irds- 75 ^4 downw.'irds. 7-’'9/‘ upwards. 

l> 15 140/4 upHards-;y4/j dowiivtards, 5 V^>.t dov'nw.'inU. 

K .\ 28-7*; upw.Trds. iSfi-5/i upwards, 

F. 15 i7^^/i->';o/i uj>w.iids. upwanis. 

A study of this table gives rise to the following generalizations : 

I. In both the cones all the traces of the lowest scries, Series A, 
diverge downwards, and though the individual traces vary greatly in the 
extent of their downward divergence, the average downward divergence 
oi this scries is in Cone A rather less, and in Cone B rather more, than ten 
times ,vs great as the greatest average downward divergence of the other 
■vties studied. 

t. In both cones all the tr.accs of the uppermost series. Series E, diverge 

"P'v.irds. 

3. In the intervening scrie.s, B D, some traces pass out upwards, some 
u 2 
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downwards, and some horizontally in both cones. In Series B and C the 
average divergence of the traces is still a downward one. In both cones 
this average downward divergence is greater in the upper of the two wliorls- 
this seem.s to be an exceptional feature, found by coincidence in both cones 
In Cone A the average divergence of the traces of Series D is upward.s 
while in Cone B this series has an average divergence downwards. 

One of the most striking facts brought to light in this table is that the 
average downward di\'ergence of the traces in Series A is very much greater 



Text-fig. i. Divergence o( traces of .Senes A of Cone If. x 133. a.v.h. = axial lascahr 
bundle: C, = cortex; c. = epidermis; ip. ~ sporangiophore. 


(rather more than three times as great) in Cone B than in Cone A. In 
mature cones of Equisetnm maximum the sporangiophores of the lower 
whorls arc often markedly rcilexed ; such reflection presumably cau.scs 
a considerable 'puli’ on the vascular strand passing through the cortex. 
It would seem very probable, therefore, that the greater extent of the 
downward sweep is the direct result of this ‘puli'. It is true that many 
of the sporangiophores of Series B of Cone B were reflexed, and their 
traces seem to have been but little affected by the pull ; but it must 
be remembered that the thickness of the cortex in this region of Cone B is 
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jbout twice as great as at the level of Series A (cf. p. 248) of the same cone, 
^ that the distance at which the pull originates may well have ‘weakened 
its effect a good deal. Further, the degree of reflection of the sporangio- 
pliores is itself less in Series B than in Series A. The probability that the 
p„ll of a reflexed sporangiophore is an important factor in bringing about 
tiie downward divergence of the traces is supported by the fact that in most 
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rases, though there arc numerous exceptions, the downward slope of the 
outgoing trace is much sleeper towards the periphery of the cortex, 
> c. nearer to the object c.xerting the pull. Thus is especially true of 
Series A of Cone B, where, if there is any difl’ercnce in the steepness of the 
course of the trace, the outer part is always the steeper (cf Text-Figure i). 

Hut I do not think that the reflection of the sporangiophores is the 
™iy cause leading to the downward divergence of the traces. In the 
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young Cone A the reflection, supposing it to have begun, can only have 
been incipient, and yet the traces of the three lower series, Series A, 13 
C, showed an average downward divergence. It is true that this was 
inconsiderable in Series B and C, in which some of the traces even diverged 
upwards (cf. Text-fig. 3); but in Series A all the traces diverged down 
wards, and the average e.xtent of the downward sweep was 312 (i, which 
though it may seem a small actual distance, gives a steep angle (cf. Text-fig. i | 
It is, however, clear that the lower internodes of Cone A have alreadv 
elongated considerably. It seems likely, from the course of the traces, that 
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this elongation has been greater in the inner part of the stem, i. e. at the 
stele, than at the exterior where the .sporangiophorcs arc inserted ; in this 
case the point of insertion of the trace on the .stele would come to "cciipy 
a higher level than the point at which the trace leaves the .■.tcni. Tiiia 
greater elongation of the internode in the inner part of the .^tcin might 
account for those exceptional c.iscs in which the inner part of the course of 
the traces is steeper than the outer. The elongation of the iiitcrnodc is 
much less as we ])ass upwards ; for instance, even in the young Cone it 
is much less considerable above .Scries B than above Series /\. In tlic 
upper part of the cone such elongation as has taken jjlacc in the stele dois 
not apparently exceed that which ha,s occurred at the periphery of the 
stem. Among the species the cones of which I h.avc examined, viz. 
E. arvense, R. pains Ire, E. Hmosum, and /i. maxiniuni, the last is the only 
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one in which any of the traces of the sporangiophorcs are markedly reflexed, 
30(1 it is the species in which we get the greatest elongation of the nodes 
jod reflection of the sporangiophorcs. 

Thus in the lowest whorls of Cones A and C of E. arvense we get an 
average downward divergence of the traces of 161 p and 157.7 p respectively. 
In Cones A and 11 of E, patnslrc the traces of the lowest whorl have an 
average downward divergence of 28 p and 2275 p respectively ; in Cone C of 
this species, vav. polystachion, which was younger, all the tracts pass out 
horizontally or obliquely upwards, while in Cones A, 11 , and C of E. limosmu, 
all young cones, the average divergence of the traces, even of the lowest 
whorls, is upwards. In the cones of all thc.se species, except Cone C of 
]■. lU’vcnsc (which is older and larger than Cone A of this species), the 
traces of the second whorls passed out horizontally or with an average 
upward divergence. In Cone C of 7 :'. arvense the average divergence of 
the traces of the second whorl was a downward one of 14-09 p (for details 
Its to the age and si/.o of the.se cones the reader is referred to tny earlier 
paper). 

These figurc.s arc significant. Vet, though the descending course of 
certain traces seems to be chiefly due to the pull exerted by reflexed 
sporangiophorcs and to the greater elongation of the stele than of the 
outer tissues of titc stem, it is possible that a slightly downward course 
of the traces of the low est whorls, even at their origin, is a characteristic of 
the cones of E. maxiiiium, for 1 was unable lo obtain a cone young enough 
to be sure that a very sliglit downward curve of the traces of the lowest 
whorl did not exist at the moment of lignirteation of the trailictdes of the 
trace. 


.\n.\'iiHM \i, Hi:ii,\viouk 01 some (It lilt, T'r.m t-' ix Tin. I-TrsT 
.\N)) TWM.tni W'lIdKts lit Cost. .\. 

In the longitudinal rccoiwruclion of the axial xylemofCone A Flale Xll 
may be seen four white crosses, three in the lowest and one in the twelfth 
"horl. These are lo be found on strands oppo,site which, at that level, 
incoming traces died out in the cortex. Of the three abortive tr.aces of the 
lowest whorl two occur in the neighbourhood of the sixth and seventh traces 
ofthc longitudinal reconslructiuii. These two additional traces penetrate into 
the cortex of the stem from the two unusually large sporangiophorcs 
supplied by the sixth and seventh tr.accs respectively. \\ itliiil the 
sporaiigiophores they arc of quite norm.al development ; indeed, tlie abor- 
>'vc trace lying near the seventh tr.ice is, throughout its course, rather 
larger than the latter. Further, the large sporangiophore supplied by tlie 
fifth trace posse.sscs aitiilhcr well-developed trace not maikcd in the recon- 
shiiction, as it dies out at the point of junction of sporangiophore and axis. 
In the third case an abnormal trace between the twenty-first and first traces 
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of the lowest whorl enters the cortex from a rather small but quit^ 
normal sporangiophore, possessing spores normal in appearance, and dies 
out opposite to but without reaching a strand that gives rise to no trace in 
this whorl. All these abortive traces of the lowest whorl die out rather 
less than half-way through the cortex. In the twelfth whorl the sporangio- 
phore penetrated by the second trace in the reconstruction possesses another 
trace that dies out about one-third of the way through the cortex ; in the 
sporangiophore this trace lies close to the second trace, but passing inwards 
and downwards into the axis it undergoes torsion to the reader's left until, 
when it dies out, the distance between it and the second trace is twice what 
it was midway in the sporangiophore. This bifascicular sporangiophore 
seems not merely to be unusually large, as were the bifascicular sporangio- 
phores with one abortive trace of the lowest whorl, but to represent two 
fused sporangiophores. This is borne out by its greater size relatively to 
its neighbours, by the marked divergence of the two traces as they pass 
inwards, and by the fact that independent parenchymatous meshes arise above 
each of them. 

In Cone C of E. limosum I observed one case of one of the two strands 
of a bifascicular sporangiophore dying out in the cortex. This strand was 
relatively small, and its xylcm died out almost in contact with the axhl 
xylem, while it appeared as though the phloem of the trace actually joined 
on to that of the axial stele. 

It would be natural to suppose that the dying out of the trace.s in the 
cortex, which is so marked a feature of the lowest whorl of Cone A, might 
result from a diminution in the size of the stele relatively to that of the 
area of distribution of tire sporangiophores, viz. to the circumference of 
the axis of the cone. But the reverse is the case ; from tlie appended 
table it can be seen that compared with the circumference of the stem the 
stele is larger in the lowest whorl. 


Xumher oj whorl, 
I 

4 
8 
1 1 


Cinunt/ennie 0/ ste'e. 

iiiiiu 
13-6 min. 

I i mm. 

<S mill. 

I '4 mm. 


Cinum/f/ttiiC of axis. 
ipSj mm. 

mm. 
j I'fi mm. 

13-07 mm. 

3*83 iiiin. 


TillCKXhSS OK TIIK CORTKX I.\ THK CoXK. 

The thickness of the cortex varies somewhat at the same level ; it 
varies very greatly at different levels. It is not only relatively but actually 
narrower in the lowest whorls of the cone. The thickness of the cortex 
and that of the stele arc given in the appended table for five selected whorls of 
Cone A, numbered from below upw’ards. This narrowness of the cortex at 
the base of the cone was a marked feature of all cones of E. oiaxunum that 
I examined. 



Anatomy of the Com attd Fertile Stem of Equisetum. 249 


Kuml>er of 
the whorl. 

Average radius 
of the tortex. 

Diameter of stele. 

I 

0'6 mm. 

473 *nm. 

4 

0*88 mm. 

4'53 mm. 

« 

0‘tjz mm. 

4 mm. 

1 3 

0*84 mm. 

2*6 mm. 

*7 

0*72 mm. 

'46 linn. 


Branching Cone. 

Branching cones of E. maximum have been recorded by Stiles and 
lilde (Milde, p. 250), but not by Duval Jouve except as a great rarity, 
ue to mutilation (Duval Jouve, p. 154). The abnormalities of Cone C, 
s branching and medullary strands, are confined to its upper part 
■f. Text-fig. 4). At a distance of about 10 or il mm. from the apex of 
he cone (the latter had not fully elongated) it branches for the first time ; 
second branch is given off about a millimetre above the first, and a third 
me just above the second. The first and second branches are very much 
mallei' than the parent cone, while the third is a little more than three- 
juarters of its size. 

As may be seen from the longitudinal reconstruction of the .xylem of 
his part of Cone C, the vascular tissue of the lowest branch is of consider- 
ible extent where it is inserted on the axis, and the elements that are 
passing out are cut very obliquely in transverse sections of the main cone. 
The xylem of the branch forms a nearly closed ring inserted very obliquely 
on three of the bundles of the axi.s, the two outer ones of the series con- 
tributing relatively few tracheides. The vascular tissues of the branch are 
given off by constriction of a loop of stelar tissue, so that no gap is left in 
the main stele. After the vascular tissue of one side of the branch has 
become free from the parent stele, but while the vascular elements of the 
other side are still in connexion with those of the parent axis, a trace goes 
off from the point of insertion of the vascular system of the branch on that 
of the main axis. This enters a sporangiophore situated at the junction of 
branch and cone. Soon afterwards the vascular ti.ssuc of the branch becomes 
finally free, constituting a slightly incomplete disto-proximally elongated 
ring that passes obliquely outwards. At the proximal end the ring of 
xylem is thicker, and from thi.s region a trace is eventually nipped off in 
a direction pointing radially inwards ; but bending sharply round backward.s 
it passes out, somewhat higher up, as a second trace, into the sporangio- 
phorc already mentioned as in.sertcd at the point of junction of the branch 
and main cones, A little higher up, while the .stele of the branch is 
diverging very obliquely, a trace departs for another sporangiophore, one 
situated at the other point of junction of the branch with the main cone , 
this sporangiophore, however, belongs definitely to the branch cone, and, 
like the sporangiophores of the latter, is somewhat smaller than those of 
the main cone at the same level. This branch cone pursues throughout its 
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Existence a course remarkably oblique with reference to that of the main 
cone. Two more traces depart from the branch stele away from the parent 
jone; as it passes upwards and outwards the annular stele decreases con- 
siderably in size, and the xylem, closing on the side in which it was open, 
p|jens very slightly on the other side, to close again almost at once. After 
the departure of the two last-mentioned traces the stele condenses and 
hecomes a large solid strand running into the apex of the branch cone and 
-preading out in the latter, which consists of a relatively large mass of tissue 
in which separate sporangiophores arc not differentiated. 

It may be seen in the longitudinal reconstruction that on one side of 
the branch— in the direction in which the branch cone passes obliquely 
uut'vards— there are in the stele of the main cone two parenchymatous 
meshes not stibtended by traces. The traces which wc should expect to 
occur below thc.se meshes are not developed, since, owing to exigencies of 
space, the .sporangiophores thc)- would naturally supply are not formed. 

The stele of the second branch of thc cone is also given off from thc 
parent cone without the formation of a gap, the parenchymatous mesh 
which may be seen above the end of thc stclar branch clearly belonging, to 
iiidge from its size and jiosition, to the trace found at thc edge of the 
bivuich, but belonging to the main cone. The gradual formation of a loop 
of va.scular ti.ssue begins .sonic lime before it is finally given off by constric- 
lion .IS a branch stele, and three traces are given off from this loop before 
it becomes free, two on its distal side and one near one of its flanks. These 
p,iss upwards and supply the sporangiophores of the lowe.st whorl ; thc 
'atlcr are inserted on thc side of thc branch cone furthest from the parent 
cone ; in this whorl there arc no .-porangiophorcs on thc adaxial side of the 
branch cone, presumably owing to exigencies of space. Three pavenchy- 
iiiiitous meshes appeared above this lowest incomplete whorl, two of them 
lubtcndcd by traces that have departed. The second and last distinct 
shoil of this branch of the cone was complete, but thc stele had become 
iiai rowcr, and there were only four sporangiophores arranged more or less 
regularly round the axis. Thc traces for these sporangiophores depart 
uom somewhat different Icvel.s. and pursue upward courses of varying 
deepness. Abot’c this whorl the apex of the cone was undifferentiated 
into distinct sporangiophores. L’nfortiinatcly the sections of the extreme 
rii'cx wa re lost in mounting, but a sufficient number were preserved to show 
firat in all probability it followed thc typo normal for this species. 

Thc tliird case of branching is somewhat different. It is apparentlj- 
'U' e.N.implc of unequal dichotomy, resulting from the gradual conslriction 
ibc stele near, but not quite .at thc middle. Thc slightly larger stoic 
Uniains terminal in position, and at the level of separation of thc tw o stoics 
Oiiisists of seven bundles in an inlcrnodal condition. Thc siiiallci', or 
blanch stele, diverges at a much more acute angle than did the steles of 
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the other branches, and when, after the separation of the branch stele, the 
branch as a whole separates from the main axis, its vascular tissues assume 
a course nearly, but not quite, parallel with those of the main cone. At 
the point of separation of the two steles that of the branch cone consists of 
two large unequal bands of xylem. At a level at which the separate steles 
are still connected by a wide band of parenchyma the band of tracheides 
on the side of the branch stele near the larger stele gives off two traces. 
These curve round in divergent directions, and higher up enter the two 
sporangiophores nearest the terminal cone ; these sporangiophores are 
inserted on the branch cone in an adaxially lateral position with reference 
to the main cone. The traces arc not given off in clearly marked whorls, 
and nearly every section passes through traces in different stages of their 
course or origin. This is true of many of the apices of the cones of this 
species. Nevertheless, from the size of the stele and the height of the 
branch it is clear that over one-third of its circumference this branch cone 
bears two whorls, white over the other two-thirds only one whorl is developed, 
and that the upper one of the two. The reason for the absence in the lower 
whorl of sporangiophores on one of the flanks of this third branch cone is that 
the latter is here very close to the second branch of the cone, lying just below 
and to one side of it, and to the parent cone. The lowe.st imperfect whor' 
seems to consist of five sporangiophores, one bifascicular, while the upper 
complete one, given off when the stele has become narrower, con.si.sts of six 
sporangiophores. Most of the traces of thi.s branch pursue a course that 
has undergone a certain amount of torsion to right or to left. Above these 
two whorks wc find, in the branch cone, a rather large .strand resulting from 
the condensation of the stele, which, as in other ca.scs, runs through the 
terminal structure of the cone, widening out before it dies out. 

The Fertile Ste.m iielow Cone D. 

Cone D, kindly given me by Mr. E. M. Cutting, M.A., was a very large 
mature cone, somewhat withered before it was pickled. The region transi- 
tional from the cone to fertile stem .showed .some abnormalities ; over a part 
of the circumference of the axis the annulus appeared to be replaced by 
scattered sporangiophores (cf Duval-Jouve, p. 17,',). There seemed to be 
the usual supra-annular ana.stomo.ses of the vascular strands, but the tissues 
in this part of the stem had colla])sed too much, before it came into 
my hands, for it to be possible accurately to follow the course of the .strands. 
In other respects the lower part of the cone seemed to resemble the 
corresponding region in other cones of E. maximum ; i. e. the bundles con- 
tained relatively few, poorly lignified tracheides, and the very narrow cortex 
was traversed by traces inserted at somewhat various levels and pursuing n 
steeply downward cour.se. 

In the sterile stems of this species generally a varying number of 
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|)ranchcs, usually a number equal to the number of traces and bundles, 
is given off in the region of the node. The incoming stele of the branch 
forms a continuous ring or cylinder, joining on obliquely to the adjacent 
ends of two neighbouring bundles (Ffitzer, pp. 329-30). I have sometimes 
observed similar but arrested branches in sections of fertile stems of 
£. maximum. In some cases these branches of the fertile stem are fully 
developed, as recorded by Mildc in the variety frondesans {K. Br. 1844) of 
£. maximum (Milde, p. 249). Though the branches I observed never 
reached the periphery of the stem, their vascular system bore the same 
relation to that of the main stem as did the vascular .system of the fully 
developed branches to the main stele of the vegetative stems, and there 
icems no reason to doubt that this is true of the branches of the fertile stem 
of the variety /;wrr/MCf/w. The fertile stem bearing Cone D also bore two 
abortive branches, but the relations of their vascular tissue to that of the 
stem were very different. Both were inserted on the internode, or what 
ivould normally be an intcrnodal part, between the annulus and the upper 
vegetative whorl. Tlie.se two branches never become really free from the 
stem, but form a projection or hump over part of the circumference of the 
latter. Both these jirojections or abortive branches contain a vascular 
sjstem which is connected with that of the main stem towards the upper 
end of the projection. In other words, the free end and organic apex of the 
vascular system of the hump projects downwards ; but, as the parenchyma- 
tous tissue in which it is embedded is congenitally united with the stem, it 
follows that the lower cells ol the hump or abortive branch must have been 
produced first. The stem being quite mature when cut, it is impossible* to 
ay whether the ligiiifidation of the branch stele proceeded in a downward 
direction, viz. from the point of insertion of the branch stele on the main 
>tclc ; or upward.s until eventually a junction was effected between the 
.'teles of branch and stem ; or whcliicr lignification began in the middle 
region of the hump and proceeded both upwards and downwaid.s. One effect 
of the downward direction of the branch steles is that the stele of the main 
item is larger aiul contains more bundles above than below their insertion. 

The larger and abortive brancli contains in its middle region, that 
in which the -teic i.s most developed, clevcrr bundles. Of these the five 
outermost bundles, forming an ab,rxial arc, open adaxially, constitute the 
oonlimiation, in a steeply downward direction, of five adjacent bundles 
of the main stem. These bundles pass out in their entirety, but as they 
ore constricted off as a loop of distinct bundles they leave no gap in the 
main stele. The remaining six adaxial bundles of the branch stele are 
derived Irom four other bundles of the main stem. These four bundles do 
I'ot themselves pass out, but each bundle divides in a plane appi'oximately 
ovinciding with a line laterally across the bundle as seen in transverse 
section. The outer series of bundles then passes out, diverging slightly 
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downwards (but much less steeply than do the bundles of the abaxial arc) 
and the two bundles at each end of this series divide again in a plane nearly 
coinciding with a line drawn radially through these bundles (the latter are 
by now arranged nearly back to back, but at a certain distance from (he 
bundles of the stem that gave rise to them by division). The resultinn 
series of si.v bundles forms the adaxial arc of the branch stele. Above the 
insertion of these adaxial strands the parenchymatous hump only contains 
the abaxial series open adaxially ; after the adaxial bundles have taken 
their place in the circle of the branch stele no trace.s remain of the distinc- 
tion in origin between the bundles of the arcs. Lower down, at the 
departure of the adaxial strand.s, there is also no break in the stele of 
the stem, since the bundles of the branch stele arise by the forking of 
bundles, and the inner strands resulting from this forking pursue a coiirst 
vertically downwards. The main stele, which above the departure of the 
abaxial bundles of the branch stele had forty -three bundles, has below their 
departure thirty-eight, a number which is not affected by the departure of 
the adaxial bundles. The relations between the strands of the main stele 
and the vascular system of the larger abortive branch are diagrammaticalh- 
represented in Tc.\t-fig. 5. 

The stele of the lower and smaller abortive branch consists, when 
it reaches its greatest development, of six bundles. The two outermo.st 
bundles of this branch have passed out in their entirety from the main stele, 
wLile the four adaxial ones arise by the division of the two bundles of the 
central cylinder, and by a second division of two bundles of the series that 
arctse by the first division. The planes of these divi.dons arc rc.spectivelj' 
similar to the first and second divisions, giving ri.se- to the adaxial bundles 
of the larger abortive branch, liclow the insertion of the two abaxial 
bundles of the smaller branch and by their departure the number of bundles 
in the main stem i.s reduced to thirty-six. This i.s also the number of trace> 
in the uppermost Icaf-whorh and of the bundles in the internode below it. 

In the smaller abortive branch the vertical distance between the 
insertion of abaxial and .adaxial bundles on the main stele is only 9^0 
whereas in the larger abortive branch the vcitical distance bet\vccn the 
insertion of these two scries of bundles is not Ic.ss than 9-7 min., possibly 
considerably more. The distortion of the stem in this region led to the 
breaking and tearing of these tissues, so that it is impo.ssiblc to determine 
the exact distance between the departure of the abaxial and tliat of the 
ada.xial bundles of the branch from tlie bundles of the axis. I n the diagram 
the smallest possible distance has been adopted. 

In both abortive branches, asw-e pass downwards in the parenchymatous 
projection, after the entry of the adaxial bundles into the branch stele 
the latter condenses, and the bundles fuse and die out, .still running 
obliquely downwards. This occurs before we reach the lower limit of the 
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parenchymatous humps. In the smaller hump the bundles never form 
a continuous circle, and there is a gap adaxially, involving about one 
quarter of the circumference. At the level of insertion of the adaxial 
strands of this smaller branch on the two bundles of the main stele the latter 
bundles become temporarily united to one another by a narrow band of 
reticulate tracheides, resembling the elements of the nodal or supranodal 
xylem. All the other bundles of the main stem as well as the abaxial 
bundles of the branch stele remain throughout in a typically internodal 
condition, while the daughter and granddaughter bundles of the strands 
that showed reticulate tracheides — viz. the adaxial bundles of the branch 
stele — become typically internodal soon after entering the parenchymatous 
hump. As regards the larger abortive branch its abaxial bundles and 
all the bundles of the main stem at the level of insertion of abaxial and 
adaxial bundles retain a typically internodal structure. But the three 
adaxial bundles of the branch stele themselves develop a few reticulate 
tracheides ; these soon die out and arc never sufficiently numerous to unite 
any of the bundles laterally to one another. 

The four strands that arc given off by the main stem to form, after 
subsequent division of two of their number, the six adaxial bundles of 
the larger abortive branch give off, before this second division, four traces 
pointing more or less straight adaxially towards the bundles of the main 
stem. At a lower level these enter a sheath inserted at the lower point of 
junction of stem and hump. This sheath surrounds the .adaxial half of the 
hump, and is in reality inserted obliquely in the angle between it and the 
main stem. Its connexion with the latter ceases higher up than (i, e. owing 
to the inversion of the branch, before) its connexion with the hump, and as its 
traces ai’e derived from the bundles of the branch stele it may be regarded 
as belonging to' the abortive branch, though it is curious that it should occur 
not on the free but on the adaxial side of the latter. A similar, smaller 
sheath, containing three bundles, occurs in connexion with the small abortive 
branch, and is here found, as we should expect, on the abaxial side of the 
hump. Its traces, however, pass out obliquely from the adaxial bundles, 
before these have divided a .second time, and whilst they are therefore two 
in number. Both bundles give off tracc.s at appro.xiniately the same level, 
and these diverge into the shc.ath from different sides of the hump ; later 
(i. e. lower) one of the two gives off another trace. All these traces actually 
pass steeply downwards and outwards, but in view of the inversion of the 
abortive branch they arc passing organically upwards and outwards. 

Normal Nodes of the Fkrtilf: and Sterile Stems. 

The uppermost vegetative whorl of the stem bearing Cone D was 
quite normal. There were thirty-six bundles in the internode above 
and below it, and thirty-six traces were given off. Vertically above the 
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jjnts of departure of these traces we fmd well-developed reticulate 
jjclicides, and it is, as pointed out by Jcfifrey (Jeffrey, 2), only higher up, 
Jen the nodal trachcidcs die out, that the parenchymatous meshes make 
j(ir appearance. 

A node of the sterile stem was cut serially for purposes of comparison, 
ud afforded an example of increase of bundles in successive internodes. In 
.j,( internode there were twenty-five bundles, showing slight variation in 
jjeand irregularity in distribution, but clearly equivalent to one another, 
hvcnty-five traces were given off. In the upper internode there were 
j,tnt)'-six bundles, two of them being very close together. This couple 
, (bundles, of which one was much smaller than the other, results from the 
(irking of a strand at its very origin, i. c. at the node. In other words, we 

at this level the formation of a parenchymatous mesh independent 
i the departure of a trace. Such fission seems to be the usual mode of 
jerease of the bundle in successive intemodes. Similar cases leading 
9 increase in the number of bundles were met with in the fertile stems and 
jses of cones, not only in this species, but in E. arvense (Brow ne, p, 6711). 
Ihe disturbance of the alternation of the bundles of successive internodes is 
anowly restricted to the strands involved in the forking. But except for 
3th irregularities, duo to the increase or decrease of the number of bundles 
I successive internodes, the parenchymatous meshes of the stems of 
l^msetnvi iiuiiiiiuini, fertile and sterile alike, seem to be disposed very 
tjularly above the traces, so that the bundles and therefore the carinal 
inals alternate very regularly from one internode to the next. I am con- 
3qucntly unable to understand Sykes's longitudinal reconstruction of a node 
iE. maximuni (Sykes, p. 130). Here two carinal canals belonging to 
•Kccssivc inlernodcs arc drawn as superposed. The structure of the nodal 
Jichcides of this specimen was exceptional, and exceptional superposition 
of the bundles at the node may have occurred also ; but as no mention of 
so remarkable a course of the bundles is made, it is possible that the super- 
Josition of the canals in the diagram is due to a .slip of the draughtsman’s 
pencil. Jcffrc)', however, figures .a case of non-alternation of the bundles at 
ihe nodes of 11. hieniah', and statc.s that in this species such a phenomenon 
snot rare (Jeffrey, 1, p. 175). To return to the small bundle, the latter is 
a first very close to its sister bundle, and has no carinal group of trachcidcs. 
llic two lateral groups of metaxylem charactcrkstic of the I'quisctacemrs 
■jiiiKllc are, however, developed. The.sc have been torn in part, and are 
'try poorly lignified ; sometimes, indeed, the lignification appears to be 
in.sciit for a section or two. But this tearing and poor lignification of the 
'vlcm in the intcrnodcs is quite common in stems of Eq/iisi tnm. A.s 
"t pass up tile internode a small carinal canal appears, but no clearly 
'Snilicd elements were developed below its origin. Those which presum- 
ibly occurred in the region now occupied by the carinal c.anal have, of 
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course, disappeared too. Otherwise the small bundle was pei fectly normal 
and a.s we pass upwards in the intemode it moves gradually further and 
further away from its sister bundle, increasing a little in size. Though the 
series of sections did not extend very far up into the internode it seems cleat 
that the bundle eventually became an indc[x;ndcnt trace-bearing str.and, 

PlIYI.OGENV OF THE COXE OF E. M.iXlMVil AND IT.S llKARIXi; 

ON THE Fossil Cones of the Ioiuisetat.es. 

It has already been pointed out that the xylem in the axis of the cone 
of E. mnximum is less well developed relatively to its size than that in the 
axes of the cones of E. arrense and E. falustrc. If wc were to construct 
a series showing progressive reduction of the va.scu!ar s) stem of the axes of 
the cones of the four species studied, the order of the species would bc: 
E. arvense, E. palustre, E. maximum, and E. limosum. The difference in 
the degree of reduction of the xylem relatively to the size of the side 
is very slight between the last two species. The reduction of the xylem 
system seems to express itself in the phylogeny by the persistence of 
parenchymatous meshes upwards through more than one internode, by their 
extension laterally and for a little distance downwards, by the presence 
of a considerable number of unlignificd parenchymatous cells mingled vith 
the tracheides, and by the poor lignification of the latter. On the other 
hand, the occasional widening and consequent fusion of two or more bunches 
considerably below the level of departure of the traces gives rise to 
a local increase of xylem. This appears not to bc a palingcnctic character, 
since it is not found in the cones of the species that have, relatively to 
their size, a better developed vascular system. 

In the case of existing 1 -lquisetaceae there is every reason to believe 
that they are forms derived by reduction from plant.s resembling the larger 
mcsozoic Equisetites. It would seem, however, from a recent paper of 
Compter’s on impressions from the Kcuper that some spccimcn.s of Eqinst- 
tiles had cones resembling those of the Calamariae rather than those of the 
Equisetaceae, since the fertile whorls seem to have been separated by 
sterile ones (Compter). Dr. Scott states that on the whole the dimensions 
of the mcsozoic Equisetaceae decrease as wc approach the later horizon.s 
(Scott, p. 83). It would therefore seem, a priori, natural to look upon llie 
larger species as likely to show the more primitive structure. Of all the 
cones hitherto studied those of E. maximum are by far the laigc.st. but 
wc have seen that the axial .steles of these cones are among the more 
irregular and, on the view advanced in these papers, the more lediiccci. 
The possibility at once suggests itself that this irregularity of the vascular 
system of the cone may, since it occurs in the larger cones, be a primitive 
character and not due, as I have maintained, to the extension of parenchy- 
matous meshes upwards, downward.s, and laterally. I still hold that 
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a comparative study of the anatomy leads to the conclusion that in all 
probability the more regular type of stele, [rossessing more xylem relatively 
to its size, is the more primitive form, and in the following paragraphs 
I shall bring forward certain considerations that seem to me to detract 
neatly from the force of the suggestion that the larger cones are presumably 
jnatoinically the more primitive. At the same time I want frankly to 
admit that though, to my mind, these considerations weaken the force 
of this objection, they do not entirely remove it. 

Accepting the view that the living Kquisctaccac have undergone 
teduclion in size, it .seem.s probable that their vascular system has also 
undergone reduction. This assumjjtion is supported by the remarkably 
iinall amount of xjdem found in the internodes of the rhizome, aerial stems, 
and branches, and by the palustrinc habit of a large number of the species 
of the genus. Rut we have no right to assume that all parts of the plant 
have been equally affected by reduction. For instance, we know from 
Halle's study of the mesozoic impressions of the Fquisctalcs of Sweden that 
in some species grouped by him under the genus Ncocatamites, the bundles 
of the stem only gave off traces at alternate nodes or even less frequently 
(Halle, p. 6 ). If as seems likely, wc arc lierc dealing with a case of reduction 
in the phylogeny of the number of leaves, it is clear that the reduction in the 
number of the bundles of the axial stele has proceeded at most only relatively 
halfasfastas the reduction in number of traces and leavc.s. It doesnotfollow 
that the leaves were twice as far apart as in the hypothetical ancestor in 
’.vhich the bundles gave off traces at every node, for along with this change 
,1 decrease in thickness of the cortex, and therefore in the circumference of the 
item, may well have taken place. As regards the cones, it would seem that 
their greater or less height could have little or no influence on the closure or 
persistence of the meshes at the node, lint if the ruinetioi/ in width of 
ihc stele did notl'eep pacetvith the red net ion of xyteni ,it the neiqhhourhood of 
the node, the direct and immedinte effect would be for some of the sneshes to 
firsts! into the internode above. I think that this is the explanation of the 
greater reduction of the vascular system in the cones of the species of 
Epiiselnm that have relatively wide steles. Thus the cones of E, palnstre 
miE.Iimosnm are, on an average, much of the same height, but the reduced 
steles of the latter species arc, 011 an .average, about twice as wide as those 
of the former. Then, too, the most reduced axial vascular cylinders were 
found in the cones of the species that had the widest steles, namely 
£. maximum and E. limosum. Again, w ithin the limits (T single species. 
Cone C of E. arvense and Cones B of E. maximum and E. limosum have 
respectively wider steles and a more reduced system of xylein than the 
respective Cones A of these species. In E. palustro, excluding var. poly- 
iloe/iion, in which all parts of the cone seem to h.ave undergone an equal 
'degree of reduction, the cones examined had steles of much the same width, 

S •; 
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Of course the width of the stele is not the only, nor the principal 
factor causing reduction of the vascular system ; it is, for instance 
characteristic of E. nrvensc to have cones containing more axial aylcm 
both actually and relatively to their size, than those of R. pahistre 
though the steles of the former species are usually much wider than 
those of the latter. I am inclined to believe that the relatively large 
amount of xylem at the apices of the cone.s of E,. palmtre (Browne 
p. is due to the considerable reduction in width of the stele in this 
region. 

The downward curvature of the traces of the sporangiophores in 
the lower part of the cone of E. maximum recalls the downward curvature 
of the sporangiophorc traces described by Hickling in Pnlaeosiachya vera 
(Hickling, 1 , pp. 37.5-6)- This similarity seems to me no indication of 
a close affinity, for, so far as we can judge, the sporangiophores of Equisetmn 
appear to be whole appendages, while those of Palaeostachya .seem to 
be morphologically lobes of a fertile leaf. It is worth noting th.nt in 
the larger, very incgular Cone R of E. maximum.'m wliich the whorls were 
often locally duplicated, there was very rarely any indication of any dorsi. 
ventral duplication of any individual trace. Even the analogy is not 
a very close one. In Palaeostachya the traces of the sporangiophores 
ascend steeply upwards through about half the internode, and arc then 
sharply reflexed downwards. The angle thus formed between the out:;- 
and inner parts of the course of the trace is filled by .sclerizcd ti.s.sue, and the 
latter also lines the underneath of the trace when, at the extreme periphery 
of its course, it passes out horizontally and enters the sporangiophorc. In 
the lower whorls of mature cones of E. maximum it is common for the 
downward course of the trace to be .steeper in its outer than in its inner 
part (Text-fig. i) ; but except for the course of the trace represented 
diagrammatically in Te.xt-fig. i. 6. apparently an exccijtional course 
affording no good basi.s for generalization, I have never, in these louer 
whorls, observed traces directed upwards even in the inner part of their 
course. This seems to be due to the fact that in the lower whorls the 
sporangiophores originate as structure.s at right angles to the a.xis and 
do not point obliquely upward.s. 

.Were a reflexed sporangiophorc to exert a pull on the trace of a cone 
ill which the sclcrenchyma was distributed as in Palaeostachya viio, it 
would only affect the sporangiophorc trace in the outer part of its course, 
since the buttress of sclerizcd tissue outside the inner part would be far too 
strong to allow this part of the trace to respond directly to the downward 
pull. But it would seem that no such reflection of sporangiophores can 
account for the downward sweep of the sporangiophorc trace of Pahuo- 
stachya, for in Hickling’s diagram the sporangiophores are directed obliquely 
upwards, a condition also observable in Fig. Zi of his Plate X.XXIIf 
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Though other figures of Palaeostackya, notably one of P. gracilis, Ren., 
leproduced by Solm.s-Laubach from Zittel’s text-book (Solms, p. 332) and 
again by Jongmans (Jongmans, p. 322), show shorter and more nearly 
horizontal sporangiophores, it would seem that even in old age the sporangio- 
phores could hardly have been much reflexed as they would soon have 
come to rest on the surface of the subtending bract. From the latter they 
are only separated by the thickness of the sclerized band and by the 
additional space left by the slight downward ‘ bowing * of the bract at 
its base. 

lo judge from Hickling’s figure the actual distance in a downward 
direction traversed by the sporangiophore trace o( Palaeostackya vera seems 
to have been rather less than 1 • 5 mm., white in extreme cases in E, maximum 
it is as much as 1-5 mm. of the part. Cone 15 , however, in which this height 
was recorded, seems to have had a stelar diameter of more than twice that 
of the Palaeostackya described by Hickling ; the .sporangiophores of the 
latter genus .seem, too, to have been smaller and provided with fewer 
sporangia than those of E. maximum. 

Hickling mentions the fact that though Palaeostackya shows no 
regular alternation of the bundles in successive internodes of the stem, 
occasional irregular communications seem to have occurred between adjacent 
bundles. As pointed out in the previous pages an irregular alternation of 
the bundles of successive nodes occurs in the cone of Equisetum, where it is 
due to a reduction of xylem at the nodes. It would be interesting to know 
if the same e.x]rlanation applied in the case of P. 'cera. 

Tire cones of /;, maxiuium also recall those of Calamostackys 
Biuncyaua in one jroint. In both cones some of the traces have undergone 
torsion while passing tlirough the cortex (Hickling, 2 , p. 10). In Calamo- 
stxhys, however, it is not the traces of the sporangiophores but those 
of the bracts that pursue a curved course, and the curvature is throughout 
a whorl in the same direction. Hickling regards this curvature as 'the 
only possible explanation of a well-known diflScuUy in the morphology 
of this cone — viz. the combination of superposed sporangiophores and non- 
alternating bundles with alternating bracts’ (Hickling, 2 . p. 10), In 
E. maximum the torsion, which may be to right or to left, results from the 
fact that the persistence ol relatively wide tracts of parenchyma at the node 
causes the incoming traces to curve in order to attach themselves to 
a bundle. 


SU.MM.tKV. 

1. The xylem of the axis of the cone of this species Ls more reduced, 
relatively to its size, than that of the axes of the cones of an'ciisc and 
E. paliislrc, but slightly less so Ilian that of the corresponding region 
ill E. limosum. 
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2. The cones with wider steles have, on the whole, a more reduced 
vascular system, presumably because the reduction in width of the stele 
has not kept pace with the reduction in the number of elements lignified. 

3. The reduction of xylem is manifested, as in the other species 
studied, by the persistence of parenchymatous meshes upwards, and by 
their extension, phylogenetically speaking, laterally and downwards. 
This leads to great irregularities, especially in the larger cones ; in the 
latter these irregularities take the form of local duplication of the whorls 
and in extreme cases of the development of pseudo-whorls. 

4. Owing to the persistence of meshes on either side of a .strand 
through more than two internodes, cases of superposition of traces at their 
origin are relatively common, especially in the cones with relatively more 
reduced vascular system. 

j. Another effect of reduction of the vascular system is the presence of 
unlignified parenchymatous cells between the tracheides, and the poor 
lignification of the latter, c.specially in the lower part of the cone. 

6. One character, apparently relatively new in the phylogeny, leading 
locally to increase of xylem, is the tendency for two or more strands to 
become united by the production of additional tracheides at a considerable 
distance below the departure of the traces. 

7. Groups of medullary tracbcidc.s seem to be not uncommon in the 
cones of this species. 

8. The traces of the lower whorls of sporangiophores often riiverije 
downwards ; this is especially common in the mature cones, and is probably 
chiefly due to the pull exerted by reflexed sporangiophores, and to the 
unequal elongation of the inner and peripheral tissues of the axis. Though 
the analogy with Palacoslachya is suggestive, the sportingiophore.s apiic.ir to 
be morphologically distinct in the two genera. The analogy in the course 
of the traces of the .sporangiopitore.s of !•.. maximum and Palacostachya is 
not a close one, and their downward sweep is probably not due mainly '.0 
the same causes. 

9. An abnormal branching of the cone is described, as arc al.^n 
exceptional cases of the dying out of incoming traces in the cortex. An 
example of abnormal abortive branching of the vegetative part of the 
fertile stem was also met with. 

My thanks are due to Professor F. W. Oliver, F.R.S., in whose laboratoiy 
the pre.sent inve.stig.ations were cairied out, and to Mr, T. G. Hill, P.A., icr 
much help and encouragement. I am also indebted to Mr. li. M. Cutting 
M.A., for handing over to me a considerable amount of material, including 
Cone D. Some of the cones of P. maximum studied were kindly supplied 
to University College by Dr, E. N. Thomas. 
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KXPLANATION OF I’LATFS XII-XIV. 

llluslr.iting Lady L.ibcl Browne's pa{>er on Equisdum. 

I'LATF. NIL 

l.‘’iigiuuliiial reconstruction (»f the xylem of Gone A of E. maximum. The xylem of the 
has been li\ poihelicaily tnl and laid out flat. Axial .wlcm, black : spor.tngiophorc traces 
s'll lartnchyina, white; outline of medullary strand, dotted. In this and in the rccon-truction 
w dii; \ylcin of Gone R the size of the traces has been slightly exaggerated for the sake of clear- 

X </;<,/ 30. 

PL.VTK XIII. 

f.ongilndinal reconstruction «>f the xvlem of Cone H of /•’. maximum, .-\\ial xylem, black ; 
vor-in^iophore traces and p.arcnchym.i, white ; outline of medullary strand, dolte<k x eina 20. 

PLATL XIV. 

I ig. I. Tr.insvcrsc section of part of the axis of Cone A of E. maximum. Note the torsion of 
die tr.accs, the rtl.alivcly niimcrotis sm.all tracheides, and the alrsence <'f carinal c.an.als. 

> 

1 ig. 2, Transverse secth>n of part of the axis of Cone C of E. ma.ximum, showing the forking 
iT.u'iihary strand, and between it and the normal bundles a small group of cells such as occurs below 
•-t: in'l of medullary tracheides. x e/mr45. 
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Fig. 3. Transverse section of part of the axis of Cone B of E. maximum at the level of the 
.lowest whorl. Note the presence of some carinal canals and the small number of tracheides as cotn.' 
pared with Fig. 1. Six traces are seen departing or passing through the cortex ; those in the latter 
are mostly descending so sharply as to be cut nearly transversely, x circa 45. 

Fig. 4. Longitudinal section of part of the axis of Cone Eof . 5 . maximum., showing the :innulus 
the downward curvature (in this case not very great) of the trace of the lowest whorl, and thcbtraight 
course of a trace of the third wl»rl (this section passes between the traces of the second wliori >_ 
X circa 

Fig. 5. Longitudinal section of part of the axis of Cone E of E, maximum, showing the other 
side of the section shown in Fig. 4. Note the carinal canal on the inner side of the bundle on the 
intemodc above the annulus, x circa 25. 
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Hydrotropism in Roots of Lupinus albus. 


i;v 

HENRY D. HOOKER, ]r. 

Osht'n Botaiiiittl Lal>or(Uory, Yale L’nivcreily, Aaa Ihvea, Cmtudinti. 
InTROUL’CTIOX. 

S ince it was shown in a previous paper (Ki) that the pjrenomena com- 
monly called thermotropic in roots were due largely to hydrotropism, it 
seemed advisable to investigate this tropism more in detail, and to determine 
to some extent the laws which govern it. and the limits within which, it acts. 
The subject is of more particular interest because the question of the 
limitation of hydrotropic sensitivity to the root-tip has never been definitely 
settled since Darwin first suggested it. The work was done for the most 
part during the summer semester of ipi^ at the University of Strassburg 
under the guidance of Professors Jost and Knicp, whose invaluable assis- 
tance 1 wish to acknowledge here. The work was finished at the Osborn 
Botanical Laboratory of Yale University at New Haven, Connecticut, under 
Professor Evans, to whom I am likewise indebted for much help. 

History. 

The idea that roots enter the earth to seek moisture necessary for 
growth is one of those popular conceptions that arc of venerable age because 
they are easily and naturally tliought of. It was consequently offered as 
an explanation of those phenomena which we now call geotropic. Lafer, 
when botanists began to comprehend the nature of this latter reaction, the 
possibility of hydrotroplirm was questioned and experiments made which 
seemed to disprove its existence, for these two tropisms were then thought 
to be alternative. The study of hydrotropism has therefore experienced 
but slow development amid numerous set-backs, although its history has 
been relatively long. 

i\s early as 1700 Dodart ( 7 ) tried to explain the directions taken by 
the root and shoot, as determined by the materials they need. He thought 
roots were made of fibres which shortened when acted on by tlic earth’s 
nioistuic and lengthened when warmed by the sun's rays, while the stem 

[Annals of Bolany, Vol XXIX, No. CXIV. April. ipis-I 
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fibres acted in exactly the reverse manner. Thus roots bent down and 
stems up. 

Half a century later, Bonnet (1, p. 272) recorded an instance of 
hydrotropism when he admired the movement of roots which follow the 
undulations of a wet sponge. 

Duhamel (9, vol. i, p. 86 ; vol. ii, pp. 137-45) was led to believe 
that large bodies of water might influence the direction assumed by the 
roots of near-by trees. To decide this, he made experiments. He placed 
an acorn upside down between two sponges, and again in pipe.s filled with 
earth and laid at various angles. .A^s the radicle grew down and the 
plumule up in every case, Duhamel concluded that moisture had no effect 
on the directions assumed by the root and shoot. 

Just a century after Dodart, Erasmus Darwin (.5, p. 144) wrote: ‘The 
plumula is stimulated by air into action and elongate.? itself where it is most 
excited, and the radicle is stimulated by moisture and elongates where it is 
most excited.’ 

The following year, Eefebure (:H, p. 50) demonstrated nicely the 
existence of hydrotropism, although he did not realize it. A moist sponge 
was placed over some seeds in a nut.shell, which was then inverted. The 
roots grew down and soon reached the air, whereupon they turned back 
into the sponge. 

Knight (20), in an article read before the Royal Society ton yeais 
later, gave the first complete proof of hydrotropism in roots. Vicut Falui 
seeds were half embedded in the mould of inverted flower-pots. The 
radicles of the germinating seedlings had earth above and air below them. 
When the mould was kept moderately moist, the radicles extended hori- 
zontally along the under surface of the mould and sent side rootlets up into 
it. When the earth was supersaturated with moisture, the roots grew 
straight down into the air beneath. Knight held to the irhysical explanation 
of Dodart and K Darwin, .and emphatically denied the existence of 
anything resembling sensation or intellect in plants. 

In endeavouring to test E. Darwin’s statement, Keith (19) substantially 
repeated Duhamcl’s experiment. lie u.scd a kidney bean and a grain of 
wheat planted upside down in a glass tube. Although the radicles assumed 
a horizontal position after descending perpendicularly into the open air 
below the mould in the tube, Keith passed over this fact, because germina- 
tion was then past. He merely wished to show that the primary cau.se of 
the descent of the radicle at germination was not sensitiveness to moisture. 

In 1824 Dutrochet(10, pp. 59-60) made several experiments, including 
a repetition of Keith’s, with Phaseoltts multiflorus. He distinguished care- 
fully between mass and moisture. In one experiment he fastened beans to 
the roof of an excavation where the earth above them was several metres 
thick. As the roots bent down, he concluded that mass of itself had no 
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influence. Vdia Voba seedlings were suspended near the surface of a wet 
,poiigc. The air was saturated and the roots did not bend, so Dutrochet 
decided that hydrotropism did not exist. 

Five years later Johnson ( 17 ) wa.s aroused likewise by ]•;. Darwin's 
biief statement to test the influence of moisture on roots. An iron wire 
ring, on which was stretched some netting, was fixed in the mouth of an ale 
glass, filled with garden mould, and sown with mustard seeds. As the air 
ut the bottom of the gla-ss became moist from contact with the damp 
earth, the radicles grew straight down into it. A hoop was furnished with 
a thread-net bottom, filled with moist .soil, and sown with mustard seed. 
As soon as the radicles penetrated the earth and the net, they turned to one 
side and crept along the under surface, perforating the net several times, 
lie observed the same result when the seeds were placed in the pores of 
a .sponge, fixed in the mouth of an inverted ale glass and cut off flush with 
the brim. Johnson concluded that roots were endowed with sonte force, 
different from and more powerful than that of gravitation, which compelled 
them to seek moisture. 

Duchatre (8, p. 384] in tXjfi gave a detailed criticism of the work of 
his predecessors. 1 le experimented with Chrysanthanum, Hydrangea, and 
Veromea, and found that by keeping the air saturated and the soil dry, 
adventitious roots developed around the base of the stem and showed no 
tendency to descend to earth. Several roots came out of the earth and lay 
on the surface or even ascended into the moist air. 

Van lieghem ( 3 ‘>, p. 3 >5) in iSfi9 explained the direction taken by 
germinating pollen tube.s as due to their sensitiveness to moisture. ‘The 
pollen tubes finding moisture on only one side, bend in that direction and 
penetrate the stigma. The statement was copied by Capus (2, p. 282) 
nine years later. 


Cicsiclski (fl, p. 25, fig. 3) in 1871 observed that a /.ea Mays root laid 
hoiizontally on a water surface, which wets the under side only, bends 
upuartl in the usual bending zone. The same thing resulted over a wet 
.solid surface, and could be obtained with o.at and wheat seedlings as well. 
Ciesiel.'ki considered this upward bending to be a phenomenon of growth 
which illustrated .a peculiar theory th-at ho wa.s .advancing. 

Sachs (d 7 ) reiiivestigateil the entire field of hydrotropism and placed 
it on a firm and substantial ba,sis. He experimented with roots of Puum, 
Mmcolus, Vhia, /.ca. Hdianihm, Tiopaeolnm, and fpciuaea, and always 
took the precaution of working in a dark room, lie found a hanging sieve 
with zinc sides and a cloth bottom the most satisfactory means of obtaining 
'jdiotropic bending. It w.a-s filled with moist .sawdust, .sown w itli seed, and 
hung at an angle of 43''. The results agreed with those of Knight and 
n.son. By hanging the sieve at an angle the projecting root \\<as sub- 
jected to a difference of moisture on the two sides, and so bent to that part 
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of the sieve-bottom nearest it. Sachs mentions several less satisfactory 
substitutes for the sieve, such as peat bricks, plaster of Paris plates, spongjj 
or bags of moist cartb. His attempt to explain hydrotropism as caused by 
thermotropism failed (.see 16 , pp. 135-6), so he was forced to conclude 
that the bending was produced directly by the moisture difference 
Duchatre’s and Ciesielski’s results he considered to be produced by altera, 
tions in the turgidity of the roots. Shoots were found to be hydrotropically 
insensitive, for they grew straight out of the sawdust in the tilted sieves. 

Van Tieghcm ( 33 ) in 1876 observed the formation of arcades by the 
stolons which give rise to sporangiophores in Absidia, and attributed thcii 
bending to ' somatropism ’ or the attraction of mass. He found stolons of 
Circinetta, Mortierelta, Mucor. Pilobotus, and Phycomyces all positively 
somatropic. Three years later Sachs ( 28 , p. 224) showed Van Tieghcmli 
somatropi.sm to be untenable. He suggested that the vegetative hyphac of 
Phycomyces and Mitcor were positively, and their sporangiophores negatively, 
hydrotropic. 

Charles Darwin ( 4 , pp. 180-6) held that the hydrotropic sensitivity 
of radicles resided in their tips. He used Sachs’ method for obtaining 
the bending with seedlings o( Phitscotns, Vida, Avena, ,and Triticum. To 
check the bending, from one to two millimetres of the root-tip were coated 
with a mixture of olive oil and lamp-black. Of fifty-nine roots so treated, 
twenty-nine remained straight. One millimetre of the tip wa.s cauterized 
with silver nitrate in other experiments. Of twenty cauterized roots, eleven 
remained straight after twenty-four hours. Darwin wrote that ‘a greater 
number of e.xperiments than tho.^c which were actually tried would have 
been necessary had it not been clearly established that the tip of the radicle 
is the part which is sensitive to various other irritants ’. 

Wiesner ( 35 , pp, 130-4) objected to Darwin’s method, on the ground 
that the roots were in an abnormal condition. His own c.\pcrimcnt,s with 
decapitated roots led him to the conclusion that hydrotropic sensitivity wa.- 
not confined to the root-tip. The term ‘ hydrotropism ’ appears here for the 
first time in the literature. 

Detlefsen (6, pp. 646-7) also criticized Darwin’s method and results. 
An experiment with six decapitated pea seedlings, four of which reacted, 
convinced him that the entire growing region of the root perceived the 
stimulus. 

Mer ( 22 ) offered a ‘ more natural ' explanation for hydrotropism. After 
detailed observations on germinating lentil seedlings, he decided that root.' 
were pulled to one side by the attachment of root-hairs, and that they 
possessed no special hydrotropic faculty. 

The same year Wortmann ( 36 , pp. 36K-74) .showed that Phycoiiiyccs 
nilens .sporangiophores were negatively hydrotropic. A sporangiophorc 
projecting through a hole in a glass plate was found to bend away from 
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a wet piece of cardboard, but to grow straight by a dry piece. The 
mycelium was not found to be hydrotropic. 

In 18H3 Molisch ( 24 ) publi.shed a comprehensive work on hydrotropism. 
He constructed the funnel apparatus for obtaining hydrotropic bendings. 
The projecting root-tip.s of seedlings placed on the top of the solid plaster 
of Paris funnel bend first down and then inward to the moist side of the 
funnel- Molisch demonstrated that hydrotropic bending resulted from 
unequal growth of the opposite sides of the root. Roots of Zca and Pisum 
seedlings were marked rvith ink every millimetre, and the region of hydro- 
tropic bending was thereby found to be the growing region. Reactions 
were inhibited below the minimum temperature for growth. Hydro- 
tropically bent roots were plasmolysed, and remained bent, showing that 
the reaction was not a phenomenon of turgidity. He observed that 
disturbances of the turgidity caused by a psychrometrical difference 
frequently bent the root away from the source of moisture. Molisch 
agreed with Darwin that the root-tip alone received the hydrotropic 
stimulus, and gave positive proof that i -5 mm. of the root-tip was sen.sitive. 
The part of the root above the tip was wrapped in wet tissue-paper, and 
the wrapping was shoved down as the root grew, so that more than i-,', mm. 
was never exposed to the moisture difference. Molisch found side rootlets 
especially sensitive to hydrotropism. The rhiaoids of Marchantia poly- 
mcD'pha, Lnvularia, and Fcgatclla were found to be positively hydrotropic; 
the sporangiopliores of Mnoor and Copriuns and the hypocotyl of Linum 
iisi/atissiiunm were sliown to be negatively hydrotropic. 

Elfving ( 12 ) in 1890 observed that sporangiopliores of Phycomyces nitons 
bent towards pieces of iron and various other substances, and described the 
process as physiological action at a distance. Two years later Errera ( 14 ) 
pointed out that all of these substances were hygroscopic, so that the real 
cause of the bending was negative hydrotropism. He found that roots 
bent away from iron even in a saturated atmosphere, ‘ which show-s that 
hydrotropism is not due, as generally admitted, to differences in the 
hygrometfic state of the air. Hydrotropism itself is the bending of a plant 
toward.s a point, not where it will find a minimum or maximum of moisture, 
hut where it w ill, within certain limits, transpire most or least.’ Elfving ( 13 ) 
replied in 1893 that potash, although hygroscopic, did not cause the 
sporangiopliores to bend, and that various other inactive substances were 
rendered active by e.xposure to sunlight or to heat. Errera ( 15 ) wrote in 
19c;, that although sure of the exactness of his former experiments, 
Elfving's more recent experiments should be repeated in the light of our 
recent knowledge concerning the radiation of metals. 

In 1894 Miyoshi ( 23 ) demonstrated that pollen tubes of Epilobium 
ontgistifoliun!, Oenothera biennis, Oc. friKiieosa, Digitalis gramlifora, and 
purpurea were positively hydrotropic. 
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The same year Rothert (26) published a critical study of the literatutf 
on the function of the root -tip. He pointed out that Darwin’s theory ^,3^ 
as yet unproved. The converse of Molisch's experiment would dclcimiiK 
the point, however. This had been done in Pfeffer’s laboratory, but as 15 
details were given definite conclusions could not be drawn in view of numcroj. 
possible sources of error. 

In 1901 Steycr (31) thoroughly investigated the hydrotroiiism 
Phycomyces mtens. He found that the sporangiophorcs were both 
negatively and positively hydrotropic according to the percentage 
relative moisture. Steycr was unable to find any foundation for Itlfvitigj 
‘ physiological action at a distance Older sporangiophorcs were found to 
be more sensitive than younger ones, and exposure to light lessened thcii 
sensitivity. 

Vocchting (34, pp. 98-ici) in 1902 experimented with potato sproub 
and decided that they were hydrotropic. The following year Singer Clhi 
showed that \’'occhting’s results were probably due to impure laboratory 
air, and that potato sprouts were not hydiotropic. 

Sperlich (30) in 190S observed that the stolon of Ncphroltfis was 
positively hydrotropic, thus enabling it to reach a moist substratum ir 
spite of the absence of gcotropism. 

The last contribution to the literature on hydrotropism was made by 
Jost and Stoppel (18, p. 210) in 1912. and dealt with the limitatim of 
hydrotropic sensitivity to the root-tip. Of eighteen decapitated I.nphm-: 
albus roots arranged a few millimetres from a wet filter-paper, thirtw, 
bent to the paper. This indicates that although the strongest hydrotropic 
.sensitivity' resides in the tip, it is not confined to it. 

Up to the present time hydrotropism has been found in the sporangia. 
phores of various fungi, in the rhizoids of hcpalics, in root.s and yaollcn 
tubes, and in rare cases in the hypocotyl of the spermatophytes. 

li.XrF.RIMENTAI. I’AR t. 

I. Method. The simplest contrivance for obtaining hydrotropic 
bending in roots was constructed in the following m, inner : A glass plate 
covered on both sides with wet filter-paper was inserted in a small rectangular 
glass jar parallel with the longer sidc.s. Roohs were fastened to pins whicli 
pierced strips of cork at regular intervals. Two strips were laid across the 
top of the jar on either side of the glass plate and parallel with it. The 
root.s thus brought into the jar were exposed on one side to the moisture 
of the filter-paper, and their distance from the paper could readily be 
controlled. The bottom of the jar was covered with water to keep the 
filter-paper wet and to prevent the roots from drying out. The jar was 
left open that the air in it might not become saturated and so prevent 
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1 rnmetrica! difference about the roots. For relatively rough work 
hirni'cthod was found very effective. 

" In order to make careful measurements a more complicated apparatus 
onstructed. A zinc vessel to cm. broad, 20 cm. high, and 30 cm. long 
sed The sides were of glass, and were covered with flaps of black 
'^'\o'shut out the light in case the experiment was not made in a dark 
The box was supplied with a tightly fitting cover. One end of the 
covered on the inside with filter-paper. On the floor 2 cm. from 
r-^lid'a piece of glass 2 cm. high and 10 cm. long was fixed upright 
' '1 ^ihe connexions with the sides and bottom were made water-tight. 
n\s formed a reservoir, which collected water at the base of the filtcr- 
' ■ Two short tubes penetrated the zinc wall behind the filter-paper, 
wirncar the top, whicli served as an inlet, and one near the bottom, which 
acted as an overflow from the re.servoir. The former could be connected 
rth the faucet and running water supplied to the filter-paper from above, 
which flowed down it to the reservoir at its base and made its exit through 
the lower opening. In the earlier experiments the water could not safely 
be left running, so a constant supply of water was obtained by other means. 

A bent glass tube, the lower end of which was drawn out to a capillaiwa 
suppliccrwater from a beaker. By breaking off the capillary at the proper 
point, tlic amount of water supplied could be pcrfectl)- regulated. In this 
way a constant source of moisture was produced at one end of the closed 
compartment. The air within never became complctcl.v .saturated, although 
the cover was kept on. This ensured a definite decrease in the percentage 
of relative moisture from one end to the other. This decrease could be 
.iiigmcntcd or diminished by pl.icing at the drier end of the compartment 
a nay filled with sulphuric acid or water respectively. Mouldings 
extended the length of the two sides about 2 cm. from thc^ top. These 
supported strips of cork to which seedlings had been pinned, which 
could thu.s be placed at any desired distance from the filter-paper. 
Evaporation from the cotyledons was found to have considerable influence 
on the prevailing moisture conditions, so a method was devised to 
ibviate it. Zinc trays were constructed 9-,> cm. long, 2 cm. wide, and 
i cm. deep. Tlie.sc liad covers, and were arranged to hang from the 
uouldiiigs on the opposite sides ol the compartment. Fi\e holes were 
iiadc in the bottom of the trays, through which the roots of the seedlings 
were inserted or allowed to grow. The cot)ledons were packed with 
moist sawdust, with which the trays were completely filled. The bottom 
uf the tray was coated on the outside with paraftm that any h\ groscopic 
iction of the zinc might be avoided. In this way only the / in’/'S' which were 
to be acted on hydrotropically came under the artificial conditions of the 
zinc compartment. The flank sides of the roots were turned towards the 


filter 


■paper. 
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Specially constructed hygrometers were used to measure the percentages 
of relative moisture within the zinc compartment. A grain of 
fcnnata was inserted in a small cork and the awn was cut off at aj 
appropriate distance, leaving from i cm. to 2 cm. of it projecting 
vertically from the cork. A glass capillary about 2 cm. long wa.s fixed 
with sealing-wax to the cut end of the awn so that it extended horizontally 
This served as an indicator, turning as the hygroscopic awn twisted tighter 
Markings were made on a circular piece of cardboard fastened to the top 
of the piece of cork. This hygrometer was calibrated by placing it in a sma]] 
closed compartment with a relatively large amount of a definite concentration 
of sulphuric acid. The percentage of relative moisture was determined by 
the vapour pressure of the sulphuric ackl. 
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By using several ijifferent sulphuric acid .solution.s, the hygrometers 
could be rendered accurate within 5 per cent., but they had to be 
recalibrated every three weeks. The instruments were carefully compared 
with one another and were found to vary from one another within 2 per cent. 
The measurements of psychrometric differences would then be accurate 
within 2 or 3 per cent., which is sufficient for the present purpo,ses, 

A hygi'ometer w'as placed at cither end on the floor of the compartment, 
their centres 25 cm. apart. Under ordinary circumstances a difference of 
S per cent, was registered. 

The seeds oi Lupin ns alhus were soaked twenty-four hour.s in water 
and allowed to germinate in sawdust until the root.s had reached a suitable 
length. To be sure there arc other seedlings which react better to hj dro- 
tropism than lupin.s, as for example corn seedlings. But great difficulty 
was experienced in obtaining straight roots of corn that would suit for 
experimentation. In thi.s and other respects lupin seedlings were found to 
be most satisfactory. 

The experiments were conducted for the most part at a temperature 
of 20° C. 


‘ Compiled from Landolt and Itrirnstein : Physikalisch-ctiemische TaUcllcn, pp. 360, 
Yierte Auflage. Berlin, 1912. 
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2 Limits of the reaction. The first point that was investigated was 
'thin what limits of relative moisture hydrotropic reactions take place in 
' The upper limit is evidently saturation. The lower limit was found 
'”°be determined by the inability of roots to grow in air that is too dry. As 
results have been observed in the literature which determined the amount 
J water vapour requisite for growth, the following experiments were 
made A number of Erlcnmeyer flasks were fitted with corks, and a hole 
was bored through each cork. Seedling.s about 3 cm. long were selected, 
and the roots inserted through the hole. Only one root was placed in 
each flask, as several were found to alter materially the moisture-content of 
the enclosed air and to have a strong reciprocal influence. The vapour 
,.(.ssurc within the flasks was regulated by sulithuric acid solutions. The 
Ingots "’cre marked with ink and measured before and after the experiment, 
to determine the amount of growth during the twenty-four hours. The 
percentages of relative moisture were calculated from the vapour pressures. 
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In these experiments the cotyledons were left exposed to the laboratory 
air, If thc.se are kept moist by wrapping them in wet cotton, the average 
growth per hour is greater, but the roots w ithin the flasks stop growth and 
dry up if the relative moisture is reduced to Xo per cent. Seedlings grown 
in a compartment with saturated air may lengthen as much as fi3 mm. 
per hour. 

Reaction to hydrotropic stimuli cc.tscs, however, slightly .above 80 per 
cent, relative moisture ; evaporation then becomes so great and gi'owth so 
slow that loss of turgidity' is apt to come into play' and to cover the cllects 
of any hydiotropic stimuli, if .sucli arc perceived. Roots subjected to 
a psychronictrical difference at such pcrccntage.s often bend away from the 
source of moisture. This is not to be confused with negative hydrotropism, 
which is not known to exist in roots ( 18 ). 

3. [ntcusity of the reaction. The effects ot varying the intensity of 
the hydroti'opic .stimulus were next investigated. The zinc compartment 
and the hygrometers made from Stipa pennata grains were used to make 
the measurements. A noticeable difference in the rate of growth of roots 
situated at various distances from the filter-paper became evident belovc 
hydrotropic bending was observed. Lach tray held five roots. 

T 
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Experiment I. 


No. of 

Dislarut from 

Average 

Growth 

tray. 

filUr-pxxper. 

grotvlk. 

per hour. 

I 

5 

i6*8 mm. 

0*93 mm. 

II 

10 cm. 

ii'O mm. 

0'6i mm. 

III 

15 cm. 

8*4 mm. 

0-46 mm. 

IV 

20 cm. 

7*2 mm. 

0-40 mm. 

>eriment 

covered eighteen hours. 

One hygrometer 3 


distance from the filter-paper measured 97 per cent., and another 38 cm 
distant measured 90 per cent, relative moisture. Three roots in I, two 
each in II and III, and one in IV bent towards the filter-paper. The 
reaction was observed in I and II at the end of seven hours, and in III and 
IV half an hour later. 


Experiment II. 



Diitance from 

Average 

Growth 

tray. 

JiUer paper. 

gio’vlh. 

per hour. 

I 

5 cm. 

19*4 mm. 

0'97 min. 

II 

10 cm. 

^'2 mm. 

0-86 mm. 

III 

15 cm. 

11-6 mm. 

0-58 mm. 

IV 

20 cm. 

6*2 mm. 

0*31 mm, 


The experiment lasted twenty hours. The hygrometers measured 
and 98 per cent, respectively. After six hours three in I began to bead, 
and an hour later four in II, and two each in III and IV, bent toward.s the 
filter-paper. The remaining roots grew .straight. 


Experiment III. 


A'o. of 

Distanre from 

A-.tragi 

Growth 

tray. 

filter-paper. 

groXK'th. 

per hour. 

I 

5 cm. 

mm. 

O’ 76 mm. 

II 

10 cm. 

j 1*0 mm. 

0*46 mm. 

III 

If cm. 

mm. 

0’2f mm. 

IV 

20 cm. 

6-0 mm. 

0’2; mni. 


This experiment lasted twenty-four hours. The hygrometers measured 
88 and 96 per cent, respectiv'ely. After six and a half hours three roots in 
I and two in II and IV bent po.sitively towards the source of moisture. 


Experiment IV. 


Ao of 

Distance from 

.Ivtragt 

Growth 

tray. 

fdter-paper. 

growth. 

per h-'iis . 

I 

5 cm. 

I'j'f) Him. 

O' So mm. 

11 

10 cm. 

9-8 inm. 

0'45 mm. 

III 

15 cm. 

6*2 mm. 

0*29 mm. 

IV 

20 cm. 

3-6 mm. 

O’ 1 6 mm. 


The experiment lasted twenty-two hours. A tray with sulphuric acid 
(90 per cent.) was placed in the end oppo.sitc the filter-paper. The h)gro- 
meters measured 83 and 95 per cent, respectively. One root each in I, lH, 
and IV bent positively after seven and a half hours. One root each in 
III and IV was curved negatively. 



Hooker— Hydrolropism in Roots of Luphms albus. 275 


Experiment V. 


Ko. c} 

Dhtanu from 

Average 

Grotiith 

tray. 

fltrr-paper. 

growth. 

ptr hour. 

I 

h cm. 

i 8‘2 mm. 

0-90 ram. 

II 

10 cm. 

i6-o mm. 

0'8o mm. 

III 

15 cm. 

13-3 mm. 

0-67 Qim. 

IV 

20 cm. 

i0'8 mm. 

0*54 mm. 


The expeiiment was continued twenty hours. A tray with dilute 
sulphuric acid (10 per cent.) was placed in the dry end of the compartment. 
The hygrometers measured 88 and 93 per cent, respectively. Only one root 
(in III) bent towards the filter-paper. The others remained straight. 

This last experiment showed that if the hygrometer.s measured 
a difference of only 5 per cent., hydrotropic reaction was very nearly 
eliminated. If this difference was less, no reactions occurred. The hygro- 
meters were 25 cm. apart, so it may be said that a fall of at least 0’2 per 
cent, in i cm. is necessary to induce hydrotropic reaction. This represents 
approximately the minimum intensity of the stimulus. If the other extreme 
is obtained, the roots are affected by changes in turgidity and bend away 
from the source of moisture as in Experiment IV. The exact point where this 
occurs could not be determined ; the hygrometers were too inaccurate. The 
phenomenon is familiar, however, and was mentioned b)' Molisch ( 24 ). The 
optimum reaction wa.s found to be obtained when a psychrometric difference 
of 0'4 per cent, for every centimetre was measured. Thi.s means a difference 
of but 0 04 per cent, between the opposite sides of a root ^ mm. thick. 

Repeated experiments with the zinc apparatus showed that the roots 
in tray I bent normally but 20° to 30' from the vertical, while those In 
tray V bent from 50' to 60°. To explain this difference a detailed study 
of the moisture content of the air in the compartment was necessitated. 
When the compartment was empty the fall in moisture content was found 
to be more or less uniform. The presence of the roots, however, had 
a significant influence on this, so th.at experiments having any bearing on 
tile question liad to be made with the root.s in their accustomed positions 
within the zinc box. Water must evaporate from tlic surface of a root 
suspended in moist air, unless the air is s,aturated. Consequently each 
root acts as a source of moisture and tends to increase the moisture content 
of the air about it. Tlic same was observed in tire experiments made to 
determine the minimum relative moisture. As a result of this increase, the 
fall in the relative moisture of the moister end of the zinc compartment, 
which contained more of the roots during these experiments, w as diminished. 
The data for the following table were collected from ten experiments in 
which the hygrometers at the two ends of the apparatus measured approxi- 
mately 98 per cent, and 90 per cent. The relative moisture was then measured 
by hygrometers at interv.als of 5 cm. throughout th'" entire length of the 
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compartment and the average for each position calculated. In every cas, 
the experiments were made with the roots in their customary positions. 

Table III. 


Distame 

Average 

Distance 

Average 

from the 

fircentage 

from the 

fercentagi 

JilUr‘ 

relative 

JilUr- 

relative 

pafer. 

moisture. 

faper. 

moisture. 

3 cm. 

98*2 

18 cm. 

'H'9 

8 cm. 

97-0 

23 cm. 

92-7 

13 cm. 

96*1 

28 cm. 

90*1 


This shows that the fall in moisture is greater at the dry end of tlit 
apparatus. The psychrometric difference would consequently be greater 
there than at the inoistcr end of the compartment, which explains the 
greater intensity of reaction observed. 

The results of numerous experiments similar to those described in 
detail bas been summed up in the following table. Only those roots were 
considered that reacted, and, moreover, only those in trays I, II, and III, ij 
order that the results might be comparable. The intensity of the stiimiliii 
was calculated from the differences measured b)' the hygrometers at 20" C, 
and is expressed in percentages of relative moisture per centimetre. Thi 
bending was positive unless otherwise stated, and the averages were reductc 
to round numbers. 

Table IV. 


Intensity of 

Ko. of roots 

Average ant. 

stimulus. 

oherved. 

of bending. 

0-1 

4.^ 

o'' 

0-2 

3-^ 

o' 

0-3 

80 

, 30 '' 

OU| 

Oo 

Oo" 

0*5 

20 

10* 

0-6 ami 
above 

.^4 

negative 


The simpler apparatus for obtaining hydrotropic bending was rotatei 
horizontally about its vertical axis on a clinostat. The action of gcotropisin 
was thus eliminated, while the hydrotropic stimulus was in noway affected. 
Of twenty roots so rotated, seventeen reacted and with the same intensity as 
the controls. This showed that geotropism was not a factor in determiniDj 
the intensity of hydrotropic bending. 

4. Reaction time. Under optimum conditions, i. e. wheir the hygro- 
scopic difference near the root is equivalent to a fill of l per cent, in cm 
and when the absolute amount of moi.sture is above 90 ])cr cent,, root- 
require six hours to .start a hydrotropic reaction. The bending piocccdi 
for one to two hours, whereupon a reaction sets in, and the root-tip regain; 
a vertical position. Under favourable circumstances the entire reaction, 
from the time when the psychrometric difference is established until the 
root-tip regains its vertical position, may be completed in eight houf'- 
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Xhe average time that elapsed before a reaction was visible was seven 
hours. In nase of unfavourable conditions, due to a low stimulus intensity, 
or to slow growth, ten hours elapsed before bending could be detected. 

Roots were exposed to tbc influence of a moist filter-paper for periods 
varying from one minute to five hours, in the hope of determining a pre- 
sentation period such as exists for heliotropism and geotropism. The 
results were negative as no reaction was obtained unless the roots were 
exposed more than five hours. 

). Localization of sensitkity. The greatest point of discussion in 
regard to hydrotropism h.as been whether the sensitivity is confined to 
the root-tip or no. Darwin, Molisch, and I’fcffcr were of this opinion, 
while Wiesner, Detlefscn, and Jost gave evidence against the view. By 
the root-tip is meant one and one-half to two millimetres of the end of the 
root. Several methods were tried and found unsatisfactory before one 
was used which decided the question. 

Molisch’s experiment (:M) was repeated, in which roots wrapped up 
to the tip in wet tissue-paper were exposed to a hydrotropic stimulus. 
Good results were obtained, although the roots reacted .somewhat more 
slowly than under optimum conditions. 

A, Then the converse experiment was made, which Pfeffer had 
carried out in his laboratory (X’o). The root-tips alone were covered and 
the roots then exposed to a psychrometrical difference. Tissue-paper 
and tin-foil were both used, but the only case.s in which bending occurred 
jeemed due rather to prc.ssure of the cap on the root-tip, for the roots 
bent in all directions. 

11 . The method used by Jost ( 18 ) was next tried, and I’j to J mm. 
of the tip were carefully removed with a razor. Of fifty-four roots of 
Lupiuus albus which were decapitated, ao bent towards the filter-paper, 
II bent away, and 23 remained straight or bent to one side. The 
greatest care was used to cut the roots squarely, and the e.xperiment 
was rot begun until .some little efficiency had been attained. To the 
last, nevertheless, a large percentage (ao-23 per cent.) of the controls bent 
in reaction to a wound stimulus. The reaction took place sometimes in 
two to three hours, and so had dearly no relation to hydrotropism. The 
results of the experiment were characterized by the greatest irregularity, 
so that this method was also abandoned. 

C. The tips of roots were killed by immersion for two minutes in 
boiling water, but the rate of growth was seriously dimini.'hcd, so that 
no results could be obtained. 

D. A rect, angular glass vessel was half filled with water. Roots 
suspended from two parallel cork strips, resting on the rims of the 
vessel, were immersed for a distance of i to 2 mm. from the apex. 
Between the two vows of roots, a paraffin trough was fixed at the water 
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level, and was filled with a few drops of concentrated sulphuric acid 
This produced a psychrometrical difiference on the two sides of the roots 
which, however, could not be measured as the hygrometers were too large 
The whole apparatus was enclosed in a covered jar to obviate disturbincr 
air-currents and placed in a dark cupboard. As the roots grew into the 
water they were pulled out of it by means of the pins to which they 
were fastened, and in this way never more than 2 mm. were immersed 
Of 94 roots treated in this way, 50 bent away from the sulphuric 
acid, 8 towards it, and 36 remained straight or bent to one side. Although 
these results indicate that hydrotropic reactions may occur if the root-tips 
do not receive a direct stimulus, they ncverthele.ss were considered uncon- 
vincing. 

An attempt was made to grow the roots in water first, to accustom 
them to that medium before the experiment just deseribed was begun, but 
roots thus grown were found to be very insensitive to hydrotropic stimuli, 
and the greatest difficulty was met with in obtaining straight roots. 

E. The last experiment was repeated, with the difference that paraffin 
oil was substituted for water in the bottom of the glass vessel. The 
floating paraffin tray was fixed about 2 mm. from the two rows of im- 
mersed root-tips. This apparatus was enclosed in a jar, the air of rvhich 
was kept as nearly as possible saturated. Of 117 roots, 81 bent away 
from the sulphuric acid, 12 towards it, and the remaining 24 stayed more cc 
less straight. The reactions required eight to nine hours. These results 
were accepted as decisive. 

In discu-ssing the perceptive region of roots, Rothert (iff)) made four 
categories to include all possibilities ; 

1 . Only a relatively short tip may be sensitive. 

2. The whole end from the growing region to the apex may be 
sensitive, the tip however to a greater degree. 

3. The whole end from the growing region to the apex may be equally 
sensitive throughout. 

4. The whole end except the tip may be .sensitive. 

The second category has been shown to apply to hydrotropism. 
Molisch (24) demonstrated that the tip was highly sensitive, and the 
previous experiment shows that the region above the tip i.s also capable ul 
receiving hydrotropic stimuli, but since more time was required for the 
reaction this region is probably les.s sensitive. The cells appear to lose 
their hydrotropism in proportion as they lose their embryonic qualities. 
It seems po.ssiblc that .some connexion may exist here, for differentiation of 
the root-cells would naturally render them ineffective for other piirpose.s 
than those for whicli they become modified. 

fi. Nature of hydrotropism. Darw'in (4) considered hydrotropism to be 
precisely the opposite of traumatropisni, for in the one case the roots bend 
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towards the source of moisture, and in the other away from the side 
wounded. Molisch ( 24 ) considered that the roots bent away from the dry- 
ness. rather than towards the moisture, and so came to the conclusion that 
hydrotropism was merely a special kind of traumatropism. That this 
conception is fallaciou.s is evident by careful examination of the data 
given. Hydrotropic reactions are obtained best between 90 and too 
per cent, of relative moisture ; they cease slightly above 80 per cent. ; 
while roots become noticeably injured from dryness below 80 per cent. If 
root.s arc injured, they bend away from the source of moisture, because the 
turgidity of the exposed side is lost. It is therefore not possible to main- 
tain that hydrotropism is due to reaction from injury. Molisch based his 
idea on experiments made in an atmosphere of 72 per cent, relative moisture. 
Without doubt many of the roots sustained injuries. 

To gain a correct conception of the nature of hydrotropic reaction 
in roots, it will be necessary to analyse the factors involved. First will be 
considered the mechanical effects resulting from exposing a root to a 
moisture difference in the air. As the root contains more water than the 
surrounding atmosphere, evaporation will result. This lo.ss of water will 
produce increased osmotic pressure and decreased turgidity of tile root-cells. 
The length of the cell decreases with the lessening of the turgidity, just as 
it docs before plasmolysis. Since evaporation is greater from one side than 
from the other, the drier side will shorten more, and the root will bend 
away from the source of moisture. This reaction was obtained experi- 
mentally by pressing seedlings against the vertical surface of an agar block. 
The air contained jo per cent, relative moisture. In fifteen minutes 
It out of 20 root-tips had bent away from the block, and in thirty minutes 
more all but two had reacted. The controls placed in a saturated atmo- 
sphere remained straight. The negative bending described in Experi- 
ment iV was of this nature. 

But it is still a question if this mechanical tendency to bend negatively 
is pre.scnt under those circumstances which produce positive hydrotropic 
reaction. In order to eliminate the vital factor, which will be discussed 
presently, roots were anaesthetized by exposing them twenty minutes 
over 3 per cent, ether water. The roots were then exposed to a hydro- 
tropic stimulus before a moist filter-paper. Of the roots exposed, 
12 bent away from the paper within an hour, and 10 more within four 
hours. Sixteen out of 20 controls reacted hydiotropically. The exposure 
to ether water rendered the roots liydrotropically insensitive, without 
slopping their growth. This experiment shows that even those minimal 
differences of moisture content which induce hydrotropic bending produce 
a tendency for tlic root to bend negatively. This is readily explained 
by considering the mechanical tensions normally present behind the root- 
hps. If a thin radial section of a root, taken 5 to 8 mm. from the tip, is 
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divided longitudinally down the middle, the two halves become concave on 
the inside and bend away from one another, when a drop of water is placed 
on them. This experiment shows that a region of negative tension is 
present in the centre of the growing root, and that it is surrounded bv 
a zone of positive tension. In other words, the young root is in a condition 
of unstable equilibrium. When the positive tension is reduced on one side 
by evaporation, the root bends. 

It has been shown that if roots reacted solely to mechanical forces 
resulting from a moisture difference, they would bend negatively. That 
they bent positively can only be explained by assuming the presence 
of a vital factor, which must be powerful enough to overcome the mechanical 
factor. The moisture difference produces a difference in the osmotic pres, 
sure of the cells on the opposite .sides of the root. It is natural to conclude 
that this difference may cause the bending. If an increased osmotic 
pressure acts as a stimulus to growth, the explanation of hydrotropisni 
is simple. Moreover, it is known that the growth of certain sea Algae 
is inhibited by transferring them from salt to fresh water.' Here the 
decrease in osmotic pressure acts as a stimulus and retards or stops growth 
The data in Table II would indicate that this is not the case in roots, bin 
as the roots in these experiments had no means of obtaining water, which i, 
essential for growth, no conclusions may be drawn from them in regard to 
this question. 

In the following experiments roots were exposed to air of v.irioii- 
degrees of dryness, in order to produce a stimulus by increasing the osmotic 
pressure through evaporation. The roots were then placed in moist 
sawdust, and the amount of growth compared with controls. The amount 
of relative moi.sture in the air was determined by using sulphuric acid 
solutions as in Table II. 

Experiment I. Forty-seven roots were exposed for four hours in 
an atmosphere of 85 per cent, relative moisture. After five hours in moist 
sawdust, the amount of growth was measured and found to average ^ mm. 
Forty-eight controls were placed for four hours in a .■-.ituratcd atmosphere. 
The average growth for five hours in moist sawdust was 6 5 mm. 

Experiment 1 1 . Ninety-six roots were cx[)oscd for 4I hours to 90 pet 
cent, relative moisture. They averaged for four hours' growth in sawduii 
3-6 mm. Eighty roots, after being the same length of time in a .saturated 
atmosphere, averaged 3-7 mm. for four hours' growth in moist s.awdiist. 
Eighty-five roots that had been germinated in the sawdust were mcasurcc. 
and replaced. They averaged 3-3 mm. for four hours' grow th. 

Experiment III. Forty-eight roots were placed for one hour in 
a chamber having a relative moisture of 90 per cent. Their .average groutli 
for the following five hours measured 5’3 mm. Forty-eight controls exposed 
‘ Jost’s I’llanzcn-Physiologic, p. 34S. Dnttc Aullaj^u Jena, 1914. 
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for one hour to a saturated atmosphere averaged 5-25 mm. for five hours in 

moist sawdust. . . ^ . 

These results show that an increase in the osmotic pressure does 
not stimulate growth directly. Although the vital factor may not be 
lained so simply, it may yet be stimulated to action by the difference in 
osmotic pressure. As long as one side of the root has a higher osmotic 
ssure there must be a flow of water across the root brought about 
L diffusion from cell to cell. In each cell there would exist a difference 
in the osmotic pressure of its two sides, as long as the hydrotropic stimulus 
lasted This disturbance of the equilibrium within the cell may be the 
direct stimulus perceived by the cell a.s a unit, which produces the differen- 
tial orowth of the opposite .sides of the root. The means by which thi.s 
reaction is carried out ate just as mysterious as they are in phototropism 
and vcotropism. It was shown that the root-tip is more sensitive than the 
rest of the root. This may be connected with the absence of the vacuole in 
the embryonic cells of the growing point. Their pre.scncc would facilitate 
the establishment of an equilibrium and diminish the effect of a difference 
in osmotic pressure. 

Miss Ifckcrson ( 11 ) has found that, when roots bend after exposure to 
.1 difference of temperature on their opposite sides, the cells of the concave 
side are more permeable than those of the convex side. From this she 
concludes that heat affects the permeability directly, and tliat tlie con- 
sequent turgor change offers a mechanical explanation of tlie curvature. 
I’feffcr- has shown, however, that temperature can never exercise any 
marked direct effect on turgidity. Marked alteration taking place in either 
the osmotic pressure or in the diosmotic properties of tlie protoplast must 
be a reaction on tlie part of the cell to a .stimulus, since .such changes are 
regulated b\’ the vital activity of the organism. Moreover, there is an 
exact parallel between the condition found by .Miss Eckersoii and that 
lesulting from exposure to a liydrotropic stimulus. The difference ot 
permeability would occasion a flow of water across the root from the con- 
cave to the convex side, .iiid a disturbance oi the equilibrium witliin the 
cells would tlius be effected in exactly the same wa)' as by the difference 
of osmotic pressure in iiydrotropically stimulated roots. Therefore tlie 
resulting bending would be a reaction to a stimulus identical with that 
occa.sioniug hydrotropic reactions, and not a mechanical curvature resulting 
from differences of turgidity. Consequently, so-called thermotropic reactions 
arc largely due to the vital factor discussed in this paper, On .account 01 
the etivironmental conditions to which roots arc exposed in thermotropic 
experiments, the mcclianical factor mentioned above cannot play a part. 

■Since it seemed prob.iblc that hydrotropism was in tlie last analysis 
osmotropisin, the following experiment was made. Two solutions of i-i j 

* I’itlivr'j ol rLams, vol. i, p. i.lS. Second linolUb Lditioii. Oxlord, iyl4. 
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per cent, agar were prepared, and to one of them NaCl was added in 
the proportion of i-oij gr. per too c.c. The two solutions were poured 
into tumblers and allowed to solidify. The agar blocks were then removed, 
cut smoothly down the middle, and the half blocks paired, so that each 
tumbler held one half with and one without salt. Of 20 roots placed 
between these half blocks, 16 were bent into the salt-free block after seven 
hours. This reaction would naturally be considered chemotropic, but 
its analogy to hydrotropism and osmotropism is striking, and raises the 
question whether many of the results obtained and classed as chemotropic 
are not in reality of an osmotropic nature.' 

SUMM.VRV. 

1 . Roots of Lupinus albus arc always positively hydrotropic. 

2. Hydrotropic reactions occur in roots only between 80 and 100 
per cent, relative moisture. 

3. The minimum moisture difference to which roots react at 20° C is 
a fall of O'a per cent per cm. ; the optimum is 0-4 per cent, per cm. ; the 
maximum is 0-3 per cent, per cm. 

4. Under optimum conditions .six hours clap.sc before hydrotropic 
reaction is visible in roots. A presentation period could not be determined, 

,j. The hydrotropic sensitivity of roots resides chiefly in the tip, 
but also to a lesser degree above the root-tip. 

6. Two factors determine the reaction of the root to a hy drotropic 
stimulus ; one mechanical and the other vital. The intensity of the reaction 
varies inversely as the former and directly as the latter. When the stimulus 
is weak, the vital factor predominates ; when too intense (above the 
maximum) the mechanical factor determines the reaction. 

7. Hydrotropism is not a special case of traumatropism, but is probably 
equivalent to osmotropism. 
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On Chromatin Extrusion in Pollen Mother-cells of 
Lilium candidum, Linn. 
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With Plate XV, 

T he improved technique of modern cytological research has revealed 
many interesting nuclear phenomena, one of the most significant 
of which is the process of ‘ chromatin ’ c.xtrusion from the nucleus of one 
pollen mother-cell into the cytoplasm of an adjacent cell during various 
stages in the hctcrolypc division. Although this condition had previously 
been noticed by several botanists, no importance was attached to it before 
1909, in which year Miss Digby publi.shed a very complete account of the 
extrusion of 'chromatin ’ bodies from the pollen mother-cells of Gtillonia 
tandicans ( 4 ), In every respect the cells in tliis plant appeared to be quite 
normal, while the fi.xalion was perfect. In two more recent papers 
the same author (Digby ( 5 , 6)) calls attention to a similar protrusion 
of ‘ chromatin ’ into adjacent mother-cells of anthers of Crepis tartixacifolia 
and Primula knveusis (type) rc.spcetivel)-. 

In the course of his investigations on the cv tology of \arious races 
of Oenothera. Gates (10) discovered and gave a full description of a process 
of ‘ cliioniatiii ' extrusion during the synaptic stages of the pollen mother- 
cells of Oenothera ptigas and of Oenothera Hennis, the cxtrusinn taking 
place along definite cytoplasmic connexion.s between adjacent mother- 
cells. Describing tlic subsequent beliaviour of the extruded material, this 
author (1. c., p, 935) states that ‘the extruded chromatin accumulates in 
a mass after passing tlirough the ccll-w.all. A clear liquid appears around 
thc.se massc.s, and a membrane delimits the clear area from the cvtoplasm. 
forming what I have called a pseudo-nucleus. Later, the.se masses loosen 
up, and acquire an a|)pcarancc very .similar to a .spireme. Tlic membrane 
afterwards di.sappears and the extruded chromatin finally appears to be 
lAnnals of Botany, Vol. XXIX. No. CXIV. .fprU, 1915.) 
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incorporated with the surrounding cytoplasm.’ For this process Gates has 
proposed the term ‘ cytomixis 

Since a similar condition has never been recorded for Lilinm, although 
this genus has been the subject of much cytological investigation, it seemed 
that the phenomena observed in our preparations were of sufficient interest 
to justify the present paper. 

Methods. 

The material used in this investigation was fixed in chromo-aceto- 
osmic acid (strong formula of Flemming), or in Hermann’s solution, oi 
in acetic alcohol (i part glacial acetic : 3 parts absolute alcohol). A variety . 
of cytological stains were employed, including Flemming’s triple ; Heiden- 
hain's haeniatoxylin with a counter-stain of Bordeaux red or orange G ; 
gentian violet and orange G ; safranin ; and the methylene blue, safratiin, 
orange tannin combination of Breinl. For determining the nature of the 
cell-walls methylene blue, ruthenium red, and Congo red were found useful 

DESCRll’tTO.N. 

During synapsis, when the ‘ chromatin ’ typically assumes the form of 
a dense more or le.ss homogeneous mass, in r\ hich it is almost impos-sible to 
distinguish individual spireme thrcad.s, the nucleus almo.st invariably take- 
up an excentric position in the cell, frequently appearing as if pressed 
against the gelatinous membrane which separates the mother-cells .at this 
stage, and in which distinct perforations have been demonstrated by 
Kdrniclrc (U), Gates (9), and Digby (4). It is impossible to rcconcili 
Schaffner’s (18) conclu.sion that the condition of synap.sis is an artifact 
with the results of many experienced cytologists, who have repctiterily 
described and figured such a condition of the nucleus. Moreover, several 
observers h.ave actually seen a tyiiic.il synaptic phase in living material of 
both animals and plants. 

From the frameworlo of the nucleus globules of a substance which 
readily takes up so-called ‘ chromatin ’ stains are budded off, 1 hcsc 
globules (= ‘chromatin bodies’ of Digby) vary considerably m size md 
number and, according to our observations, always penetrate the cell-wall 
(F'igs. 1 - 5 ), probably in the neighbourhood of the cytoplasmic connexions. 
At this st,ige the cell-wall is very thin and ,stains deeply with ruthcniun' 
red, thereby indicating its pectosc nature. Congo red and other ' cellulose 
stains gave negative results. This extrusion usually takes place simul- 
taneously and in the same direction from all the mother-cells of a loculus, 
but a few loculi were noticed in which the mother-cells at either end wcue 
discharging towards the centre, whilst the cells occupying a position near 
the centre of the loculus retained the typical condition of complete 
synapsis. 
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In this way, then, the globules reach the cytoplasm of an adjacent 
mother-cell where they at first appear as smaller or larger roundish deeply 
staining masses, each one of which retains its connexion with the synaptic 
Itnot of the parent nucleus by means of a very fine thread passing through 
the cell-wall (Figs. 1-5). These connecting threads, which persist for 
a considerable period, judging from the frequency with which they are 
found, also take up ‘ chromatin ’ stains, hen e their presence can easily be 
demonstrated in preparations stained with iron-haematoxylin, or with the 
combination stains of Flemming or of Breinl. The extruded globules 
frequently assume a pear-shaped outline and occasionally ‘ secondary 
globules’ are iirotrudcd from their periphery (Fig q). These bodies are 
always surrounded by a perfectly clear zone ; the piecipitation-membrane 
delimiting this clear space from the surrounding cytoplasna appears to 
be of the same nature as that which surrounds the nuclear vacuole and 
in both cases is very indistinct. In preparation.s treated with the above- 
mentioned cytological stains the nuclear vacuole appears to be bounded 
by a close aggregation of cytoplasmic fibrils (Figs. 1 and 4). 

At a somewhat later stage, when the bodies have lost their connexion 
with the parent nucleus, they appear, in carefully stained preparations, 
as i.solated deeply stained globules scattered throughout the cytoplasm 
of the invaded cell. Great difficulty was experienced in following the 
subsequent history of the extruded material, all trace of which is very 
quickly lost. It appears to be ultimately absorbed by the cytoplasm 
of the invaded cell. 

In two anthers which had been fixed in Hermann's .solution the 
condition of excessive 'chromatin’ extrusion shown in Fig. 3 wa.s observed. 

These bodies arc also given off while the nuclcu.s is coming out of 
synapsis and during the inception of the ' hollow-spireme ’ stage. That 
these bodies arc actually extruded during the later synaptic stages, and are 
not merely the remains of those given off at complete synapsis, is shown by 
the fact that at these l.atcr stage.s the globules are usiiall)- -mall and rounded 
while tire connecting tiireads are very well defined. .Moreover, these con- 
necting threads always persist until the walls of the mother-ccll.s begin to 
separate. During these later stages of mciosis the elimination of nuclear 
material is usually less pronounced (Figs. 4 and b). The extruded material 
often presents a beaded or granular .appearance (cf. Digby ( 4 ), I'l. .\XXI\k 
Fig. id], which is probably due to a difference in 'chromatin ’ concentration 
>n the substance of the ‘ bodies ’, but nothing approaching the condition of 
a spireme, as described by Gates for OciwlJicra gigas, has been observed in 
Likmn candidiini. 

' Clirom,atin ' extrusion into an adjacent tapctal cell w.rs never observed 
"> our preparations, although lateral extrusion from one mother-cell into 
two neighbouring mother-cells, or lateral extrusion from two mother-cells 
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into the cytoplasm of a single mother-cell, was frequently f( 5 Und ; Gates’s 
(10) (1. c., p. 917) explanation that this is due to the complete absence 
of cytoplasmic connexions between the pollen mother-cells and the cells of 
the tapetum is probably correct. 

R6le of the Nucleolus. 

Apart from the bch.aviour of the nucleolus, the descriptions of 
' chromatin ’ c.xtrusion in Gallo/iia and Oenothera respectively show a clo.se 
agreement. In Galtonia, active nucleolar budding is described by Mi.s.s 
Digby ; in Oenothera, on the other hand, the nucleolus, according to Gates, 
takes no part in the extrusion. For this reason, the behaviour of the 
nucleolus in Lilinm candiduni was .studied with special care ; wc were 
nevertheless led to the conclusion that it takes no part whatever in the pro- 
cess under discussion. That is to say, during the various synaptic phases 
the nucleolus (or nucleoli, since two arc occasionally found in the same 
nucleus) retains its definite boat-shaped or spindle-shaped outline. Vacuoles 
were .sometimes noticed in the substance of the nucleolus (Figs, i and 4), 
but no sign of nucleolar budding was observed. 

Discussion. 

Kdrnicke ( 14 ) described the peculiar appearances presented by a 
number of preparations of Croens vernns. A definite extrusion of chro- 
matic substance from the pollen mother-cell nucleus and its passage through 
the cell-wall into the cytopla.sm of an adjacent mother-cell were observed. 
Kbrnickc attributed thi.s phenomenon to an abnormal condition of the 
anther at the time of fixation, and states (I. c., ]>. J4); ’Am wabrsrhein- 
lichstcn ist, wic ich glaubc, die Ann, ilimc, (lass cs sich urn den Aiisiiriick 
einer Alteration handelt, welchc die I’crllenmuttcrzellcn erlittcn haben bevor 
die .Anthercn den jungen Bliilenanlagen entnommen warden, und deren 
Ur.sache auf folgcndc Bedingungen zuriickzufuliren i.st. unter wclchcn sich 
(lie Anthercn in der Pflanze befanden.' He maintain.s that the release T 
pressure on aitificially opening the bud, which to a certain extent coin- 
pre.sses the anthers, may allow a sudden expansion of the latter whereby 
the protoplasmic connexions between the pollen mother-cells are broken. 
In this way a slight wound .stimiilu.s is given to the cells. 

The interesting experiment-s of .Miehc (l.h), Hotte.s ( 1 . 1 ), and .Scliranimcn 
(If)) may be quoted in siipiinrt of this hypothesis. ,\liclie clearly showed 
that a transference of nuclear material from one cell to an adjacent cell can 
take place as a direct respransc to certain traumatic stimuli. He figures 
(I.C., Taf. xi, Figs. 2 and 3) such a process in epidermal cells of a young leal 
of Allium nutans. But the fact that Michc obtained his results in typical 
vegetative cells, the nuclei of which were probably in the ‘ resting ’ con- 
dition, must be taken into account when the two processes arc compared. 
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Hottes and Schrammen subjected various regions of the vegetative 
tissues of Vida Faba to sudden changes in temperature ; subsequent 
examination of the parts thus treated revealed certain anomalous nuclear 
conditions comparable in many respects 'with those obtained by Miehc 
in AHiMn nutans. 

In 1905 Gregory (11) published a brief account of the cytology 
of a sterile race-hybrid of Lathyrus odoralus, in which a similar process 
was figured (he., PI. 11, Fig.s. 16 and 17). However, Gregory erroneously 
described this phenomenon as an incomplete or abnormal division by con- 
striction of the pollen mother-cells. He states further that such cells 
always degenerate, and that the .sterility in these plants is confined to the 
male organs. 

.According to Rosenberg (16, 17), nuclear material is frequently 
pressed through the wall of a pollen mother-cell during synapsis, both 
in Crepis vircits and in Drosera lo/i<;ifolia. No importance was attached to 
this phenomenon, which was thought to be the result of faulty fixation. 

A similar condition was observed in the pollen mother-cells of Vicia 
Faba by Fraser ( 8 ), who remarks (1. c., p. 635 ) that the extruded ' bodies ’ 
‘ seem clearly related to the incidence of an abnormal condition ’. 

This phenomenon has therefore in turn been regarded as ; 

1 . the result of an abnormal physiological condition of the anther at 
the time of fixation (Kornicke) ; 

a. an artifact (Rosenberg) ; 

3 . a sign of the subsequent degeneration of the mother-cells concerned 
(Gregory, Fraser). 

There remains a fourth explanation, namely, that this process repre- 
sents a perfectly normal condition of the pollen mother-cell during synapsis. 
This, in our opinion, is the correct explanation, for there is certainly no 
evidence, at least in Lilium candidum, to indicate either that this condition 
is an artifact or that it forc.shadows the degeneration of the mother-cells. 

Miss Digby found that after the nucleus had returned to the centre of 
the cell, the latter presented a perfectly healthy appearance ( (4) PI. XXXIV. 
Fig. a 7), although the di.sintegrating fiagment.s of the ' bodies ’ could still 
be identified in the cytoplasm as bright refractive granules. 

Moreover, Gates (10) (l.c., p. 9 i<S) .states distinctly that in Oenothera 
gigas ‘ the nuclei appear perfectly normal after the extrusion has taken 
place ’. 

1 he data now at our di.sposal are sufficient to justlfj' the conclusion 
that future research will demonstrate the general occurrence throughout 
the Pl.mt Kingdom of such an elimination of nuclear material as a normal 
phase ill iiieiosis. It may represent an excretion of waste products from 
the nucleus at a time when its metabolism is subject to sudden profound 
changes. It is well known that the metabolic processes of the nucleus are 

U 
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very active during the various phases leading up to and concerned with the 
reduction division. Many interesting cases of ‘ chromatin ’ extrusion into 
the cytoplasm of the same cell have recently been recorded. This con. 
dition appears to be widespread amongst both animals and plants. It has 
been observed in a number of plants by von Derschau (2, 3),' in various 
Ferns by Farmer and Digby (7), in Crepis virens by Digby (6), and ij 
Helvetia by Carruthers (1), whilst the peculiar process of nuclear gemmation 
observed by Griggs (12) in Synchytrium exhibits many features in common 
with the above. 

We are not yet in a position to decide whether the cases cited above 
bear any relation to the phenomena described for Lilium candidum ; it is 
therefore advisable to leave it an open question as to whether they .should 
come under the same category. 

Amongst the lower animals, especially the Protozoa, an elimination of 
nuclear material has been observed and described by many authors. Here 
again the phenomena observed probably represent an excretion of waste 
products from the nucleus, and are no doubt analogous with the processes 
described above. 

'The condition of excessive ‘chromatin ’ extrusion found in two anthers 
of Lilium candidum suggests the degeneration of the mother-cells, and 
consequently the abortion of the pollen grains ; against this it can be urged 
that although a large number of anthers showing later stages in the 
development of the pollen were examined, not one of these presented the 
appearances usually associated with pollen sterility. 

SUM.M.tRV. 

1. A process of ‘chromatin' extrusion from pollen mother-cell nuclei 
into the cytoplasm of adjacent mother-cells is described for LUhw. 
candidum. 

2. This process takes place during the synaptic and ‘hollow spireme' 
stages. 

3. The nucleolus takes no part in the extrusion, 

4. The authors regard this phenomenon a.s a normal condition of 
meiosis, the extrusion of nuclear material (i.e. waste products) being 
attributed to the active metabolism of the nucleus during the inciotic 
phase. 

In conclusion we de.sire to express our thanks to Profes.sor J. Bretl.ind 
Farmer, F.R.S., for much helpful advice and criticism throughout the 
course of this investigation. 


* A ftulher list of references can be found in these papers. 
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KXFLAXATION 01- FLATl- XV. 

Fig. I. Nucleus in synapsis shoeing extrusion of ‘chrom.atin’ into an adjacent cell x i,o;o. 

lig. 2. Nucleus in synapsis showing extrusion of ‘chromatin* into an adjacent cell. Note 
■chromatin’ concentration in the largest extruded mass, x 900. 

Fig, 3. Nucleus in synaj'isis slrowing exccs^ive ‘chroroalia’ extrusion. Note the isolated 
■^iiromaiin bodies’, x i,-'oo. 

i ig, 4. Nucleus coming out of synapsis; shows early stage of ‘chromatin extrusion. Note 
vircuobie nucleolus, x 1,000. 

Hg. 3, Nucleus in synapsis showing extrusion of * chromatin ’. Note ‘ second-iry processes 
protruded from thc larger 'bodies’, x 1,200. 

fig.^. Nucleus in thc ‘ hollow spireme* stage showing extrusion of ‘ chronuUin . x 1,000. 
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Nuclear Migrations in Phragmidium violaceum. 


BY 

E, J. WELSFORD, F.L.S., 

Assisidttl iH Departmtnt of Plant Physiology and Pathology ^ Imptrial College of Science 
and Technology. 

With Plate XVI. 

D uring the last ten years much work has been done on the life- 
history of the Uredineae, and it has brought to light the fact that the 
development of the aecidiospores is initiated by the formation of binucleated 
cells at the base of the aecidium. 

Blackman (1),' in 1904, was the first to show how this took place. He 
found that in Phragmidium violaceum the binucleate condition originated 
in the ' fertile cell ' of the aecidium, and was the result of the migration into 
it of the nucleus of a neighbouring cell. He considered this to be a case of 
reduced fertilization, in which a vegetative cell takes the place of a normal 
male cell. He regarded the spermatia as male cells which had become 
functionlcss, and suggested that the sterile terminal cell might represent 
an abortive trichogyne. 

In 1905 Christman (3) investigated the aecidial development of 
Phragmidium speciosum. He found that in this form the binucleate con- 
dition is brought about by the gradual breaking down of the walls separating 
two adjacent fertile cells, so that they fuse and eventually give rise to a row 
of binucleate aecidiospores. He considered this to be a conjugation of two 
equal gametes. The spermatia he regarded as gamctophytic conidia. This 
type of fertilization was later interpreted by Blackman and Fraser (2) as 
a case of reduced fertilization in which two female cells associate. This 
second type of fertilization is thus brought into line with the earlier one 
found in Phragmidium violaceum. 

Since this time a large number of forms have been investigated, and it 
has been shown in the majority of cases that fertilization takes place by the 
union of two similar cells. Such a mode of origin of the binucleate 
condition has been described lox Phragmidium speciosum {S), Mclampsora 
Postrupi(d), Phragmidium potcntillae canadensis (h), Cacoma nitens (12 and 
13’i, Triphragmium Ulmariac (13), Puccinia transformans (13), Puccinia 

‘ The numbers refer to the list of papers given at the end. 
lAnnalH of BoUny.Vol. XXIX. No. CXIV. April, 1913.! 
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Fakariac (6), Endophyllum seinpervivum (11), Mdampsora Linii (8), Puccinia 
Claytoniata (9), Uromyccs Caladii (3 and 9), Pnccinia violae (9), Puccinis 
angiistata (9), and Pmcinia fusca (14). So far fertilization in the Uredineae 
by means of a migrating nucleus has been clearly observed only in Phrag. 
midium violaceum (1), and witli somewhat less clearness in Uromyces Poae (2) 
and Puccinia Poaruin (2). 

The far more common occurrence of the method of fertilization by the 
union of similar cells has led to some doubt being thrown on the importance 
of nuclear migration in the sexual process of this group. Olive (13) found 
nuclear migrations in Triphragniinvt Ulmariae and Caeoma nitens, but held 
them to be early stages of cell fusions, whilst Christman and Kurssano\v,on 
the other hand, considered them to be pathological phenomena. Profe.ssor 
Blackman accordingly suggested to me the rc-examination of the developing 
aecidium of Phragmidittm violaceiim, especially with a view to ascertain 
if cell fusions, as well as nuclear migrations, were to be found there, 

The material was collected on Leith Hill and in the neighbourhood of 
Guildford in the spring of 1913 and 1914. Owing to the difficulty of dis- 
tinguishing between Phragmidium Rubi and Phragmidinm I'iolaceim in 
the aecidial stage, teleutospores were gathered in the autumn from those 
blackberry bushes which had previously furnished the material of aecidi?. 
The characters of the teleutospore w ere those of Phragmidium viokcem. 
W'int., the form investigated by Blackman (1), 

Special attention was paid to fixation in view of Christman’s suggcstioi! 
that the nuclear migrations might have been the result of wounding during 
that process, The young aecidial patches arc red in colour and were always 
cut with a sharp pair of scissors from leaves still on the plant, leaving 
a margin of green tissue round each infected area. The material was then 
put direct into the fixative. Flemming’s strong solution, diluted with an 
equal quantity of water, was commonly used, penetration of the fluid being 
facilitated by the u,sc of a small air-pump, so that the material .sank in 
a few nroment.s. Well-fixed material was also obtained by using in the same 
way Bonin’s picro-formol. As a control, some .'Satisfactory preparations were 
made by momentarily immersing the material in 30 per cent, alcohol bcloru 
placing in the fixing fluid ; this ensured the quick penetration of the fluid 
without the use of a pump. Material was also fixed in acetic alcohol.* 

A very careful and prolonged search has been made for any indications 
of fusions between fertile cells of the youirg aecidium, but without success; no 
case of this type of fertilization was found. Migrations of nuclei, such as were 
previously described by Blackman, occur regularly. The nucleus invariabi) 
passes from a vegetative to a fertile cell ; sometimes the cells concerntd 
belong to the same hypha and the nucleus passes from below upwards 
(PI. XVT, Fig, 9), and at other times the nucleus comes from a neighbouring 

' Nuclear mifjralions were fountl in mateiial fixed in all thc-sc various ways. 
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hypha and passes in laterally (Fig. 2). In no case was a migration found from 
one fertile cell to another. In very young aecidia the migrations were found 
to occur in the middle region of an aecidium, whilst in rather older examples 
cells of this region were already binucleate, and then the migrations were 
found only in the cells immediately outside these. Sometimes the nucleus 
passes through a very small pore in the wall (Figs, i and 4), and thus 
becomes greatly constricted (cf. Blackman ( 1 ), Figs. 67,68). More com- 
tnoiily, however, the pore is rather larger, and the nucleus is only slightly 
constricted during its passage and corresponds to Blackman’s Fig. 66 ; such 
cases are shown in PI. XVi, Figs. 2, 3, 5, 6, and 7. In a few cases the hole 
was of considerable size, as shown in Figs. 8 and 9. When it was found 
that the nuclei sometimes pass through a large hole on the cell-wall, it 
seemed unlikely that such holes would be later obliterated, and a careful 
search was made amongst the older binucleate cells, with the result that 
a few cases were observed, and two of these are shown in PI. XVI, 
Pigs. 10 and It. 

The cells from which the nuclei have migrated gradually lose their 
cytoplasm and become almost or quite empty ; they form a fairly con- 
spicuous layer surrounding the bases of the old fertile cells, PI, XVI, 
Fig, 13, is a semi-diagrammatic drawing of the middle of a young aecidium, 
the fertile cells are binucleate, and below them i.s the layer of empty cells. 
Part of the same aecidium, but nearer to the periphery, is shown in Fig, 12 
where the fertile cells arc as yet uninucleate and have no empty cells at 
their bases. In thick sections of older material the empty cells form a con- 
•spicuotis layer ; Fig. 14 is a semi-diagrammatic representation of such 
a preparation, showing the young aecidiospores, the binucleate fertile cells, 
a layer of empty cells, and below that a mass of uninucleate hyphae ramifying 
in the tissue of the host. 

In spile of a careful search, fusion between two fertile cells was never 
observed, but no less than twenty-eight cases of migration of a vegetative 
nucleus into a fertile cell were found. It is also important to note, as stated 
earlier, that in fairly young aecidia the migrations are found to occur only 
in connexion with the cells immediately peripheral to the central mass of 
binucleate fertile cells. This special localization of the ‘ migrations ’ and 
the absence of lateral fusion of fertile cells are in themselves sufiicient to 
show that the pa.ss3ge of a vegetative nucleus into a fertile cell is the normal 
method of origin of the binucleate condition in this form. Migrating nuclei 
always pass from a vegetative to a fertile cell, and no cases were found of 
iracle.ar migrations between fertile cells or between vegetative cells. It may 
be mentioned that the paraphyses towards the periphery of the aecidium 
arc often multinucleatc, and nuclear divisions occur frequently in them. 

Christman has put forward a very interesting view as to the morphology 
of the aecidium and tlie phylogcny of the group generally. He points out 
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that, from analogy with other groups, the gamctophyte generation should 
be the primitive generation, and therefore that those forms with the simplest 
sporophyte generation — that is to say, the Icpto- and micro-forms — ^are the 
most primitive. He regards the various types of spores as homologous, and 
considers that in the Icpto- and micro-group the gamctophyte bears the 
gametes and produces the fusion cell. The point at which the cell fusions 
occur has receded further and further from the tekutospore, the sporophyte 
generation becoming more elaborate, till, in the higher groups, an aecidium 
has been introduced and the eu-forms appear. The ‘ fusion cell ’ he regards 
as the product of two isogametes which have formed a zygospore like that 
of the moulds, but. unlike them, has no resting stage and produces many 
spores. The spermatia he regards as gamelophytic conidia. 

The main objections to this view are ( 1 ) that it ignores the phenomena 
described for Phragniidittni riolaceum, assuming that they are due to some 
pathological cau.se, and (2) that it offers no adequate e-vplanation of the 
spermatia. 

The observations recorded in this paper show the untenability of the 
view that nuclear migrations in the aecidium of Pliragmiclinm viokcam 
are pathological in nature. Also one would hardly expect to find conidia 
which are apparently functionless produced at the same time as the very 
eft'ective aecidiospores ; and, as has been pointed out by Blackman, the relative 
proportion of nucleus and cytopla.sm exhibited by the spermatia is quite out 
of keeping with what is known of conidia. 

The alternative hypothesis is that put forward by Blackman in 1904, 
He regards the Uredineae as a group in which a great variety of reduced 
forms occur. He con.siders that they are derived from an ancestor with 
a typical sexual process, the male cells being now represented by the 
spermatia and the female by the ‘ fertile cells these latter were pror icled 
with a trichogyne w hich now possibly exists as a ‘ sterile ’ or ‘ buffer ’ cell. 
According to this interpretation, all these Uredineae which have iit present 
been investigated have a reduced type of fertilization, P/iraginu/iinii 
violaceuin being fertilized by a vegetative instead of a male cell, whilst in 
Phragmidium speciosum reduced fertilization is effected by means of female 
cells. The two types of fusion found in the Uredineae arc tiuis considered 
to be hetcrogamou.s instead of isogaraous, and the group is regarded :is 
showing relationship wdth the Florideae rather than with the Zygomycetes. 

It i.s, of course, very difficult to decide between these two views. 1 here 
arc at present no data as to whether the hetcrogamous or isogamoiis union 
in the aecidium is the more primitive. If the nuclear migrations o{ Phrag 
midium violaccum are to be looked upon as reduced in comparison with 
the isogamous unions which have been described for so many aecidia, then 
it is still possible to homologize, with Christman, the aecidium .and the 
primary uredospore cell. On the other hand, the fact that the Cacomas of 
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closely allied forms show two very dififerent types of fertilization certainly 
lends support to the view that both arc reduced, being derived probably 
from an earlier normal sexual process of fertilization by spermatia. I f we agree 
that tire peculiar fertilization processes of the accidium and the existence 
of the spermatia arc sufficient evidence that the more primitive sexual 
organs are to be found in the aecidium, then we must assume that this type 
of spore form is the oldest. This is the essential point of Blackman's view 
js opposed to Christman’s. It is not necessary to assume that the eu-forms 
as they occur at the present day arc more primitive than, for example, the 
brachy- or micro-forms. It is possible that these forms were reduced from 
a primitive aecidium-bcaring form independently of the eu-forms, by the 
loss of the aecidium and the shifting forwards in the life-history of the 
point of nuclear association. On the other hand, the complex eu-forms 
may have developed independently with further elaboration of the life- 
history, but without lo.ss of the accidium. 


Summary. 

1, A re-examination of Phragmidium violaceum completely confirms 
Blackman’s observation that fertilization is brought about by the migration 
of a vegetative nucleus to a fertile cell. 

3. No other mode of origin of the binucleaie cells wa.s observed. 

p The size of the pore through which tlie nucleus passes is very 
variable, sometimes being as much as 3 p in width. Cells were found in 
which the pore was visible after tbc nucleus bad migrated through it, 

4. A layer of more or less empty cells occurs immediately below the 
binucleate fertile cells, and is made up of those cells from which the nuclei 
have migrated. 

j, That the nuclear migrations are not pathological in nature is shown 
hy the facts that : 

(i) They occur in regular sequence from the middle to the periphery 
of the aecidium. 

(iij They arc not found in the paraphyscs at the periphery of the 
aecidia where the cells arc nearer to the wounded surface. 

(iii) They are found in material fixed in various way.s. 

It is with great pleasure that I record my thanks to Professor Blackman 
for his valuable help and criticism. 
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DESCRIPTION OF PLATE XVI. 

Illustrating Miss Welsford’s Paper on Phni^miJinm vioLuxitm. 

Fig. I. Migration of nucleus. The sterile cell has been cut away, x 1.300. 

Fig. 2. Migration of nucleus between the cells of separate hyphae, x i .300, 

Fig. 3. Ditto. X i,300. 

Fig. 4. Migration of nucleus from vegetative cell to fertile cell immediately above it on the 
same hypha. x 1,300. 

Fig. 5. Ditto. X 1.300. 

Fig. 6. Migration of nucleus from vegetative cell of one hypha to fertile cell of another, x 1,300, 

Fig. 7. Ditto, X 1 ,300. 

Fig. §. Ditto. In this case the nucleus is pa.ssing through a very large pore between two 
hyphae. x 1,300. 

Fig. 9. Ditto. The nucleus passing through a large pore between two cells of the same hypha, 
X 1,300. 

Fig. 10. A binucleate cell showing the pore through which the nucleus has p.assed. x 1.300, 

Fig. II. A binucle.ate cell showing the pore through which the nucleus has passed, x r.300. 

Fig. 12. Semi-diagrammalic drawing of a young accidium (peripheral regiunh The linik' 
cells are uninucleate, and no empty cells can be seen, .r =- host cells, x ;oo. 

Fig. 13. Semi-diagrammatic drawing of the same aecidiiun as that shown in Fig. i:,bui m 
the median region. Here the fertile cells have become binucleate and cm])ty cells c.an be seen nc.'i' 
their bases, x = host cells ; e == empty hyphal cells, x 500, 

Fig. 14. Semi-diagrammatic drawing of a nearly mature accidium, showing the young .iici'ho- 
spores, the binucleate fertile cells, the layer of empty cells, and the uninucleate hyphae ramifyiu,^ 
amongst the host cells, x 500. 
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The Origin of the Tristichaceae and Podostemaceae. 


BV 

J. C. WILLIS, M.A,, Sc.D„ 

Dimtor of the liofanic Gardais. Rio di Jamiro. 

A S is well known, and will be considered in detail in another paper, the 
lV place to be assigned to these families in the Natural System has long 
been a matter of dispute. They have no nearly allied family, unless possibly 
Hydrostachydaceae, which live in similar conditions, and were once united 
to them. For the time being the dispute has ceased, since Warming placed 
them in the same order with the Saxifragaceae, with which they have 
in common a thick placenta and numerous ovules. I may remark, how ever, 
that I think they are just as near to the Nepcnthaccac, which belong to 
another order, and probably to other families as well. It will help consider- 
ably in treating this difficult question, as well as in dealing with their 
evolution, if we consider in some detail their probable mode of origin, 

These plants, it may be well to explain, are all water plants with a mode 
of life which in the flowering plants is unique to them and to the Hydro- 
stachydaceae. Willi the exception of one species in the southern United 
.States they are confined to the tropics and sub-tropics, but are very widely 
distributed, reaching from Java by India and Ceylon to Egypt and Mada- 
gascar, tropical and South Africa, South and Central America, and to 
Mexico and the United .Slates. Tlicy live only attaclicd to rock.s, u.sually 
smooth and waterworn, or other firm substratum, in the beds of mountain 
'licams, where the m ater moves rapidly over them, so rapidly that it is often 
full of bubblc.s of air. If they be placed in standing water they soon die, and 
they are absolutely incapable of existence on a sandy or muddy substratum. 

They cling to tlic rocks by means of root-hairs, or more often by 
haplera, special adhesive organs of probable root nature, which usuallj- 
appear as exogenous protuberances on root or shoot, bend downwards 
to the rock, and there cling by flattening out and secreting an adhesive 

substance. 

These plants arc purely vegetative during the period of high water-level 
due to the rains. As the water drops towards the close of the rains, they 
form their flowers, which open as the air touches them. The seeds quickl)’ 

[Annals of Botany, Vol- XXIX. No rXIV. April. >915,’ 
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ripen and are shed on the rocks, where they germinate with the rise of 
water at the beginning of the rains. The original plants usually die but 
may rejuvcnesce if there be an early rise of water. 

To go on now to the question of the origin of these plants in the first 
place, what is their origin regarded merely as Angiosperms, which they 
undoubtedly are ? Have they, as some writers think, descended continuously 
in water from aquatic pre-Angiosperms, or have they sprung from the 
general tree of the Angiosperms, which it is generally conceded began upon 
land ? I tliink that there can be no doubt that the latter suppo.'-ition 
is correct. If they were an independent survival of pre-angiospermous water 
plants, one would e.xpect to find their embryology very different from what 
it actually is, for, as Warming,' Went,- and Magnus ’ have shown, it is 
typically dicotyledonous. 1 think that on this ground alone they must 
be regarded as descendants of the general tree of the Dicotyledons. 

If for the first time one saw any of their flowers without knowing from 
what sort of plant they came, one would never for a moment imagine them 
to be the flowers of water plants. They are typical simple mono- or 
a-chlamydeous dicotyledonous flowers, .sometimes cnlo-, sometimes anemo- 
philous, and always, unless they happen to be cleistogamie. awaiting the fall 
of the water-level to expand in the air on the dry rocks, and be pollinated 
there. They do not look in the least like the flowers that one would expect 
in plants with a long line of hydrophytic ancestry, leading back to ante- 
floriferous days. 

The fruit again is typically a land fruit. Only in the most highly 
modified species of the whole family — Farmeria nictzgerioides — docs it show 
any special suitability to the peculiar aquatic mode of life of these plants, 
-N'ever, one would imagine, would a primitively aquatic family possess 
minute seeds in a capsule that only dehisced in dry air. Never would those 
seeds possess an outer layer of cells that became mucilaginous on wetting.* 
Nor w ould the seedlings be so badly provided w ith holdfasts that they were 
constantly washed awaj'. There is no disputing the evidence that these 
peculiar families are the descend.ints of other Dicotyledons, and of Dicotyle- 
dons that lived on land, even if their immediate ancestors were water plants. 

The next question is, Where did their immediate ancestors live? Was 
it ( I) on land or ( 2 ) in water, and in the latter case were they water plants 
(a) of the reaches between the rapids and waterfalls in which the Tristicha- 
ceae and Podostcmaceae live ; [b) of moving water of the rivers of the 
plains or low country ; or (c) of ponds or marshes ? 

^ Warming: tamihen rod<istcmacfae II. Kgl. Dansk. \ idcusk. Scisk. Skr., 0 K.tkkc, li, 
iSS.’. 

^ Went; Uiit. liber Podoaieinaceac. Wih. Koniiikl. .Xkad. Amskrlain, xvi, ii^io 

* Magnus : Die alipibchc Dnihrjonalenlw. d. Podoiltiiiacetn. I'iina. cv, [' 

* This has often been descrifxd as an adaptation for clinging to the rock, by people who 
forgotten that with another rise of water the seeds onoc more become lo<*sc and arc washed aw-i)- 
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In the first place, to consider the possibilities of their having been 
•ater plants at all, there are several facts which arc opposed to this 
nthesis. To begin with, their seeds, with one or two exceptions among 
most modified species of the orders, but with none among the more 
'mitive, arc all alike — very numerous, minute, exalbuminous, with an 
Unter coat of cells which become mucilaginous 011 wetting, and contained in 
capsules which open only in dry air. These seeds are singularly ill adapted 
to the mode of life which characterizes these families. They fall upon the 
dry naked rocks within a few days of the beginning of the dry season, which 
in most of the districts where these families grow lasts for several weeks. 
Before the end of it the enormous majority will have blown away, and once 
off the rocks their chance of reaching suitable spots for growth is practically 
nil. But a few remain, and when the water rises, the bulk of these will wash 
away. In the case of plants of Hydrobryum olivaceum or Lawia zeylanica, 
which I estimated to bear (where well grown) from 20,000 to 30,000 seeds 
on an average, the number of seedlings— or rejuvenescences— which may 
jri.se is rarely more than two or three, sometimes as many as ten, often 
enough one or even none. Were it not for rejuvenescence of the old thallus, 
one gathers the impression that the survival of some of the highly modified 
species like these would be problematical. 

But even when they have actually germinated, many of the seedlings 
are washed away, and I do not think that it is much exaggeration to say 
that six weeks after germination each parent plant is usually represented by 
not more than one or two young ones. 

But now, as these ill-adapted seeds are found throughout the families, 
except in a very few of the most modified spccic.s, it cannot be a stretch of 
probability to suppose that they are a legacy from the common ancestor, 
which consequently mu.st in all reasonable probability have been a land 


plant. 

Further, as the lo<s of seed is so tremendous, and all these plants 
set great numbers, it i.s evident that the origin.d .ancestors mu.st have been 
plants which set seed freely and in groat (piantil)-, othcrwi,sc they could 
scarcely have adopted this mode of life. Now, as is well known, this 
is ,a character just the reverse of what is usually found in the plants of 
quieter water, and is therefore another argument in favour of the ancestor 
having been a land plant. 

Again, assuming the ancestor to have been a water plant, it is evident 
that unless the seeds arrived .at the rapids in large numbers, sufficient 
to allow of the enormous destruction that goes on, the cli.ancc of any 
modification a[ipcaring to suit the progeny to the new moilc of life would be 
all but absolutely zero. And thus is ju.st what one cannot imagine happen- 
ing. The only' means of carriage to a distance that the seeds possess is to 
adhere to the feet of wading bird.s that have just been in the water, and are 
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walking about on the rocks afterwards with wet feet. But if the ancestral 
plants were water plants of quieter water, the seeds would never be in the 
least likely to come into contact with the wet feet of wading birds, for they 
would be shed into the water and not upon dry land. And they are in no 
way whatever suited to being shed into water. Even if it could be supposed 
that birds or other animals could in some way get them attached to them, 
selves, the chances of more than an occasional one or two arriving at any 
given rapid would be infinitesimal, and the chances of that one successfully- 
germinating and attaching itself would be even less. 

Another fact that goes against the probability of water plants as 
ancestors is that the Tristichaceae and Podostemaceae could not, in their 
new mode of life, come into competition in any way with their ancestors, 
which would be living under entirely different circumstances. There does 
not, therefore, seem to be any reason whatever why the ancestral forms, or 
something fairly closely resembling them, should not still survive. Any 
catastrophe that so far upset the rivers as to destroy them would also 
probably de.stroy the Podostemaceae ; but in actual fact there are no other 
water plants living in quieter water anywhere that seem to show the very- 
slightest relationship to these families. The only family at all nearly related 
to them among the water plants, the Hydrostachydaceae (formerly included 
in Podostemaceae), is also described as living in rapid water in the moun- 
tains, or in estuaries,' where the water is presumably also in movemcn. 
to and fro. If there ever were any water plants of quiet water allied 
to these families, they have entirely disappeared. 

Then again, when we consider that the first adaptation of any plant, 
be it of land ot of water, to live upon the rocks in rapid water, must have 
been by a single large mutation, and when we consider that a water plant of 
still water would in any case have to get rid of its large intercellular spaces, 
thus undergoing a mutation as large as that which a land plant would have 
to undergo, it is evident that, so to speak, we gain nothing by making 
the ancestor a water plant. 

It is thus fairly probable that these plants could not have ani'ccl 
at the rapids where they commenced as seeds of other water plant.s living at 
a distance, when we consider the seeds which they actually po.sscss, and 
which must represent the seeds of their ancestors. But there is still aiiothci 
possibility {la) open, that they may have crept into their habitats (or 
arrived as seeds) from the reaches between the rapids. These reaches 
however, are absolutely without any other water plants, the only things that 
one finds in them being land plants w-hich have crept into the water at the 
edges by means of runners, &c. They are floored with moving sand, upoi 

r This is a very interesting point; I have little rlouht that some of the Po'lostemaccae wnuk 
also snrrive under sticli conditions. Cf. also the Algae, described by Coehel, mentioned in m; 
Indian monograph, .tnn. Roy, Hot. Card. Peradeniya, vol. i, p. 420. 
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which water plants would find it very difficult to retain a foothold in 
the rapidly moving water. Reaches such as these do not, whether in 
temperate or tropical countries, offer satisfactory places for growth to any 
water plants, and it is extremely rare to find such growing in them. In any 
case, such plants would not be likely to have creeping roots developing 
secondary shoots ; rather they would probably have deeply growing roots 
to try to get a foothold. 

Assuming, however, the improbable thing that such plants did exist, 
it is very remarkable that they have died out and left no trace, for even if 
wc allow Natural Selection a large part in evolution, there can be no com- 
petition between them and the Podostemaceae on the rocks, and there 
is now nothing in the intermediate reaches. Their habit would probably 
be quite different from that of the Podostemaceae, and to adopt the mode of 
life that characterizes the latter they would have to undergo great changes 
in their morphology. Land plants, on the other hand, would require a great 
change in their anatomy. The question is a difficult one, but it seems 
to me that a change in morphology, such as would likely be required here, 
from deeply rooting plants to creeping-rooted plants with secondary shoots 
upon the roots, would be a larger change than the loss of the rigid anatomy, 
which we know may disappear to some extent in a shoot that happens 
to live in water. 1 aking this together with the absence of any water plants 
in the reaches, I think we may pretty safely say that the ancestor did not 
live there and send seeds with the current to stick upon the rocks, while it 
would find it almost impossible to creep on to the rocks on account of 
the flush of water and sand. 

\Vc are thus reduced to the first of our suppositions, that the immediate 
ancestors of these plants were land plants, a supposition which from any 
point of view is the most reasonable. It is necessary to suppose that these 
plants grew on the bank of tlic river at the rapids, on account of the difficulty 
about the seeds which we have already considered, but the rapids where 
these plants grow arc always surrounded by vegetation. 

Land plants living on the edge of the stream could very well put out 
feclcns, so to speak, in the form of adventitious roots, on which, as happens 
in many families, secondary shoot.s might arise. These shoots might very 
easily from the first, as is evident from the behaviour of Littoi cILi and other 
amphibious plants, be able to go through life in water, and as the water 
IS sufficiently aerated would never need to develop any large intercellular 
spaces. Thus the only adaptation that they would require for a start w ould 
he to be able to hold firmly to the rock. This could be easily enough 
accomplished by the development of numerous root-hairs. 

The important point here is that such ' experimental ’ shoots might 
form year after year in con.sidcrablc numbers without in any way endanger- 
'"S the existence of the parent form, until at last the necessary ‘ adaptive ' 
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mutation (or mutations) appeared which enabled them to live permanently 
in the water. The primary shoot, developed on land, is always a last 
resource for survival, whereas water plants arriving from other places— 
or land plants either, for that matter — have to come as seeds, few and 
far between, and have, so to speak, nothing to fall back upon. 

Having taken to the water like this, one can imagine that these 
secondary shoots would flourisli-, for they would thus at one stroke acquire 
a large amount of virgin territory as yet free of any plants except an 
occasional Moss, and at the same time would come into a medium which 
afforded an abundant supply of food. The seeds produced upon them 
would still have a fair chance of reaching the bank in reasonable numbers. 
On the other hand, one can imagine the primary axis to some extent handi- 
capped by having to start the secondaries, and by the fact that their 
successful growth may interfere with its own, though neither of these causes 
is really likely to make much difference. But anyhow, it is not difficult to 
imagine it some day taking to the water itself, perhaps by the appearance 
of some mutation which might appear among the seedlings which would 
tend to arise upon the rocks from the seeds of the secondary shoots, or as 
a direct mutation, which would then become transmissible by the seeds 
wffiich w'ould be falling upon the rocks in any case. There is a difference ir. 
anatomy sometimes .seen between primary and secondary shoots which may 
point to their having arisen at different periods in the phylogeny of the 
families. 

It is in some such way as this, we feel sure, that these families came 
into existence. Water or hand plants from other places than close by could 
never have adapted themselves to this peculiar mode of life by the aid 
of seeds which would only reach the rocks on rare occasions, and would then 
have little or no chance of retaining their position. 

Be it noted that there was, so far as we can sec, no absolute necessity 
for these ancestral plants to become Tristichaceae or Podostemaceae, Tlie)- 
might quite well liavc remained amphibious. As mut.ition appears u.sii.illy 
to be quite ‘ iniicfinitc ’, giving rise to useless character.s, and as the chnnee 
of a favourable mutation arriving among a chance pos.siblc assortment 
is almost infinitesimal, this would lead one to infer that here at least the 
appearance of the necessary final mutation was perhaps determined by the 
conditions of life, whether directly or indirectly. 

In any hypothesis whatever of the origin of these plants, a very large 
mutation is necessary, for the change of life in beginning to live as thc.se 
families do is so great that no gradual change other than one .something like 
that which we have sketched could effect it, and even in thi.s the last 
transition must be ultimately effected by a sudden mutation. The great 
difficulty, upon any hypothesis, is to account for the appearance of this 
mutation, for we know that acquired characters, such ns would be the habit 
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of living in water for the secondary shoots which we have pictured to our- 
jjlves, are not hereditary. It is conceivable that something like memory 
niay come in, and after they have lived like this for very long periods, may 
cause the necessary mutation to appear which will render the habit a perma- 
nent and practically irreversible one. In cases like LittoreUa—\t is worthy 
of note that only genera, not families, exhibit such peculiarities— the memory 
may be as yet imperfect, and if one could watch them long enough, one 
might see a separation of a land form from a water form. 

Another great difficulty which crops up upon any theory of the origin 
of the Tristichaceae and Podostemaceae, though it is no greater with this 
than with any other theory, is to explain why there are no related forms 
which might represent the ancestors, for as the progeny would not come 
into competition with the ancestors, there seems no reason why these should 
have disappeared. It is possible that the ancestor was already a single 
isolated species, and even after having given rise to the early Podostemaceae 
continued to live mainly in the water by secondary shoots, and was defeated 
by the better adapted Tristichaceae or Podostemaceae. Or again, it is 
possible that it was killed out in some change of conditions on land which 
did not affect the water plants, at least not enough to destroy them also. 
Or again, it may be that it will yet be discovered in some out-of-the-way 
district of the tropics. 

Be these difficulties as they may, however, there seems good reason 
to suppose that these peculiar orders started as land Dicotyledons, which 
lived by the side of some of the many rapids in a warm country, and experi- 
mented, so to speak, with secondary shoots which they sent into the water, 
till on some lucky day— or other longer period of time— a mutation appeared 
which enabled them to live their whole life in the water from the seed, and 
thus opened up to them the virgin territory of the rocks in the rivers and 
streams of the tropical and subtropical zone. 

Once the necessary mutation to cn.iblc the primary axis to live from 
germination in the water had been performed, this mutation would survive, 
and wc should have the first unquestionable Tristichaceae or Podostemaceae. 
But having got thus far, there is, as we have seen,' no action of natural 
selection in the evolution of the families from this common ancestor, and the 
formation of about thirty genera and 200 species. Tire conditions of life are 
too uniform to allow of serious action on the part of Natural Selection, and 
there is not enough competition among the individuals or with other forms 
of life. 

Now in the origin of these families there are one or two other import.ant 
points that come up. In the first place it is evident that the first change, 
"Inch turned the ancestral form (whatever it was) into one of these plants, 

‘ Willis : On the Lack of Adaptation in the Tristichace.ac and Podobteniace-te. Froc. Roy. Soc. , 
B.. 1-caxvii, 1914, p. jyj. 
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must have been a fairly large one — either the plants can live as these plants 
do, or they cannot. But if so, we must allow that mutations may be large 
and we must admit that Natural Selection, which works by small variations, 
could not effect the change, both of these being points for which I have con- 
tended in other papers. No amount of ‘ small’ changes will transfer these 
plants from another mode of life to their present remarkable one. As 
I find that very few people in Europe realize the conditions under which 
these plants really grow, it may not be amiss to mention that the edge 
of such a waterfall a.s Stonebyres, where the water is actually pouring over, 
would be covered with them were the fall in Brazil. Or the shallower parts 
of the Strid, near Ilkley, Yorks., where there was light enough, would 
similarly be covered with them in Ceylon. 

In a later paper, I propose to deal with the evolution of these families, 
proposing a theory which appears applicable to evolution in general. 

' There may have tieen a struggle for cxislciice among the ancestors, hut only a ‘ large ’ mulalioii 
would set a plant free from that, .and we have no evidence to show that desirable changes may occtir 
in response to any need for them, .and evidence as for example with the seeds of these familiw, to 
show that they do not. 



NOTES. 


abnormal PHYLLOTAXY in the ASH.-AS the suppression of one 
leaf of a pair in ihe case of a plani with decussate phyllotaxis is a somewhat rare 
phenomenon, a specimen showing this and certain other abnormalities appears to 
lie worth describing. 

The specimen referred to is a shoot of ilie Common Ash [Fraxinns exedsior, L.), 
which Mr. T. A. Sprague kindly handed to me for examination,^ The shoot had a 
solitary leaf at one of the nodes, and no trace was visible externally of the second leaf 
which would normally be present at the node. It seemed advisable, however, to study 
ihc specimen anatomically before assuming that total suppression of the second leaf 
had taken place. 

Though the shoot showed considerable vertical displacement of some of the 
leaves, it appeared obvious that the phyllotaxy was fundamentally decussate, there 
being no cliTiculty in finding the nodal companion of any leaf, e.xcept in lire case 
of the solitary leaf mentioned above. 

Transverse sections through the node with the single leaf show that there is 
no leaf-trace for a second leaf. Also, instead of the normal broadening of the pith 
into oval or elliptical form as a preparation for the separation of leaf-traces for two 
leaves, the pith here undergoes a one-sided alteration in form, the extension of the 
piih taking place only on the side towards the solitary leaf. 

The position of the solitary leaf is such as would be correct for one of a pair 
decussating with iliose above and below. In view, however, of the displacement 
of some of the leaves, a further examination of the anatomy of the shoot in relation to 
liie phyllotaxy was made, with the following result. Wliere there is vertical displace- 
ment between two leaves which appear to represent a pair, the first preparation 
f'.ir nodal structure is normal ; i. c. a practically symmetrical broadening of the pith 
v'lUs place, but the succeeding stages, leading to the sejiaraiiou of the vascular supply 
oltbc lower of the two leaves, are reached earlier than those for the upper leaf. 

Tile phyllotaxy of tlie specimen may therefore be described as decussate, 
modified by vertical i1i>placcmeni, and by the suppression of a leaf at one of the 
nodes. I he solitary leaf is of normal size and shows no signs of a double nature. 
In the somewhat similar case, however, of a specimen of Ffiifutilhns Cn's/a-_^a!li 
bearing scvci al alternate leaves described by Groom,* a double leaf was present at the 
point of iransitioii from opposite to alternate arrangement, and the phenomenon 
IS therefore explained as 'one of morpliological concrescence or of physiological 
fti>ion of impulses 

‘ The shoot was taken from a hedge near Chesham. 

Groom : Loiigitiuiinal Symmetry in Fhancrogamia. Phil. Tran?. Roy. Soc., ser. B, vol. cc, 

]'■ icfi. 

(Annals of Botany, Vol. XXIX. No. CXIV. April. 1915.) 
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The shoot of the Ash has two nodes at which the leaves are strictly opposite, but 
elsewhere shifting has taken place, the distance between the two leaves of a pair vary, 
ing from 3 mm. to 16 mm. Displacement of this kind is not uncommon in the Ash 
and in many other species of plants in which the leaves are typically opposite.' 
A further departure from the normal phyllotaxy has also been observed in the Ash in 
the form of a two-fifihs arrangement of the leaves,* and the same abnormality is 
known to occur in several other plants whose leaves are normally decussate. 

On some shoots of the Ash, in the winter condition, it is easy to see that there 
are two buds, one above the other in the axil of each leaf. In other shoots the lower 
bud, which is the smaller of the two, may be very small and inconspicuous, or it may 
be absent. Where there are two buds, the upper one is occasionally raised distinctly 
above the axil, e. g. i to 4 mm. above it. The shoot described in this note shows an 
exceptional case of displacement, one bud being 25 mm. (or a quarter of the length 
of the internode) above the node to which it belongs. In this case an additional bud 
has been formed, so that there are still two buds in the axil of the leaf, the lower being 
the smaller. At some of the nodes of a different shoot, where the upper bud is only 
shifted 3 to 4 mm. above the axil, a very small third bud is again present. A com- 
parison of these cases appears to indicate a basipeial sequence of bud-formation; 
hence, where two buds are present, the lower should be regarded as the accessory 
one.' 

On examining a number of young Ash trees it was observed that considerable 
shifting of leaves (and also of buds) is rarer where the internodes are comparatively 
short, but no more definite relation than this could be discovered by comparing 
measurements of displacements and of internodes* in the examples specially studied. 

L. A. BOODLE. 

JODREi-L Laboratory, Kew. 


ON THE OCCURRENCE OF VEGETATIVE PROPAGATION IN DRO- 

SERA.— The subject of the present note is the occurrence of vegetative reproduction 
and multiplication, by budding, in two species of Droura^ viz. Drosera roliindijolia, 
L,, and Drosera intermedia, Hayne. The specimens whicli exhibited this phenomenon 
had been obtained in two consecutive years from near the large pond at islcy. At 
the time of their collection (July), however, they showed no sign of the budding which 
they later exhibited. 

The plants obtained on the first visit were transferred to the cool greenhouse at 
the writer's own home, and were grown in saucers on Spha^i^num w ithout covering. In 
the late spring of the following year it was noticed that young plants in various stages 
of development were arising from the blades of the leaves. Only a single plant 
developed from each leaf, but in some cases nearly all the leaves of a plant bore such 

* Wydler : Flora, i860, p. 628 ; de Vries : Prinijsh. Jahrb. f. wiss. Hot., vol. xxiii (1892}, p. 

^ de Vries: loc. cit., p. 88; Richardson : Gani. Chron., ser. 3, vol. xxxvi (19®4)> !'• 

Leaves in whorls of three also occur in the Ash. 

* Cf. Ward, Trees, vol. i, p. 26. Here the upper bud is regarded as the accessory one. 

* Cf. Groom, loc. cit., p. 99. 
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buds Most corainonly it was the older leaves which were affected, but occasionally 
quite young leaves could be seen bearing a vigorous daughter-rosette (Fig. d). 

The plants collected on the second visit were taken to the warm house at East 
London College and grown in pots, on Sphagnum as before, but in this case were 
covered with bell-jars. In the season following, vegetative propagation was observed 
on these plants also, 



The first indication that a leaf of D. iiitirmrilia is about to produce a new plant 
is ihe appearance of a small green protuber.ance on the upper surface. When 
sectioned this is found to consist of undifferentiated parenchymatous tissue. In 
slightly later stages the rudiment of the first leaf develops to one side and grows very 
rapidly (Fig, a). The next leaf develops more slowly (Fig. b), and on the opposite 
side. The later leaves develop in succession, but owing to the rapidity with which the 
first leaf usually develops the younger ones often appear as a rosette in lire axil of the 
oldest (cf. Fig. c). This disparity between the rates of growth of the first and follow- 
ing leaves was not seen in Droscra rotundifalia, the leaves of the daughter-plants in 
this case being of nearly equal size (Fig. d). 

In all cases the new plants arise in close proximity to the main vein of the leaf, 
"ith which their vascular supply is at first connected. A leat bearing a very young 
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daughter-plant was found to have its cells (especially those near the point of budding) 
completely filled with large starch grains (nearly twice the size of those normally 
present in the leaf-cells). Very few of the latter were, however, present in leaves 
bearing daughter-plants in late stages of development. 

Sooner or later the leaves of the parent become detached, by the decay of their 
petioles, and the new individuals become established as independent plants, 

Although the vegetative reproduction described has not been observed by the 
writer in nature, this is probably because the localities have been visited too infre- 
quently and at unfavourable times of the year. The accumulation of starch and the 
detachment of the budding leaves certainly seem to suggest a definite reproductive 
mechanism. 

E. J. SALISBURY. 

East London Coueor, 

January^ 19 ^ 5 - 


ANATOMY OF THE MAGNOLIACEAE.— During recent years the problem 
of the origin of the Angiosperms has attracted a good deal of attention, and views, 
more or less divergent, have been expressed by Lolsy, Lignier, Benson, Hallier, 
Senn, Newell Arbcr and Parkin, and others. Recent theories agree in regarding the 
Dicotyledons as the more primitive, but there is a want of unanimity as to the point, 
or points, of origin of the Monocotyledons from what is presumed to be the more 
ancient stock. Many hold that the Magnoliaceae are to be regarded as the men 
primitive of the Dicotyledons, on the ground of the resemblance between their (lowerr 
and the anthostrobilus of such types as Bennettites. If that be the case it may 
be anticipated that the anatomy both of the seedling and of the mature plant will give 
support to the theory. Beyond a few isolated observations on some species, however, 
tending to show the general occurrence of secretory cells, wood fibres with bordered 
pits, a tendency to the formation of true vessels by scalariform perforations, and 
a general absence of glandular hairs, there is, so fiir as 1 am aware, a lack of any 
detailed comparative investigation of the anatomy of the various genera included 
under the order. 

For some time past I have been collecting material of the Magnoli,iceae 
and through the kindness of friends in various parts of the world I have been 
successful in obtaining eight out of the nine recognized genera, but as yet I have not 
been able to acquire specimens of Zygogymim. 1 would esteem it a favour if any one 
having access to this New Caledonian form would be so kind as to send me specimen;. 
During the past winter I have investigated the adult anatomy of Drimys II/wAn and 
endeavoured, though unsuccessfully, to raise seedlings from seeds supplied tluougli ihe 
courtesy of several correspondents. 

The literature on the subject is not very extensive, and beyond the papers 
recorded by Solereder (Syst. Anat. Dicot.), few investigations have been published on 
the subject. Strasburger, working on Drimys, draws attention to the gymnospernne 
character of the xylem coupled with the angiospermic mode of development o t e 
megaspore, and Maneval has also studied the embryonic structure in Magnolia and 
Liriodmdron (Bot. Gaz., vol. Ivii). Paul Parmentier (Bull. Scient. de la France et 
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de ]a Belgique, t. xxvii, 1895) claims to have seen true vessels in two species of Drimys, 
,ij, D. Malleri and D. vascularis, but it may be questioned whether these forms 
ought to be included under the genus. 

An examination of the anatomical structure of Drimys Winteri and Drimys 
ffyraia has established the following points : — 

1. Vessels (tracheae) are absent. 

2. Bordered pits with X-like apertures similar to those in Cycas and some 
Conifers are present. 

3. No longitudinal parenchymatous strands occur in the wood. 

4. The sieve-lubes have bevelled ends, bearing several plates like those found 
among Pteridophyta, and appear to be accompanied by companion cells. 

5. A broad transitional region exists in the wood of young twigs, from the 
spirally thickened protoxylem elements to the tracheides with bordered pits of 
the mature wood. 

6. Resin, or a secretion of a resinous nature, occurs in large quantities in 
the parenchyma, and drains into resin ' ducts ’ which are of the nature of simple 
intercellular spaces. 

7. The medullary ray cells are pitted and elongated in a vertical direction, and 
in a tangential section the tays are multiscriate in the middle, becoming uniseriate 
above and below. 

These anatomical points, among others, recall pleridospermic and gymnospermic 
peculiarities of structure. Thus the bevelled-ended sieve-tubes with lateral plates and 
the absence of vessels arc characteristic of Ferns and their allies. The bordered pits 
agree in structure with those of most Conifers and Cycads, although it should be 
remembered that Marsilia also possesses tracheides with similar bordered pits. The 
absence of longitudinal strands of parenchyma in the mature wootl may be a primitive 
or a reduced character, but this point can be decided only by comparison with oilier 
genera. 

This preliminary note is intended only to indicate the general lines on which the 
present investigation is being carried out, with the hope that Systematists interested in 
this branch of phylogeny may be induced to aid me cither by sending material or by- 
gift of ‘ separata ’ of their writings on the subject. 

MARGERY KNIGHT. 


IIVRILEY UOTANICAI. 1 -Ar.ORAlORV. 
t'N-ivERSiTY or LlVeRPOOL. 


CORRECTION. 

A. S. Marsh : The Anatomy of some Xcrophilons Species of Cheilanthes and Pellaea, 
voi. xxviii, 1914, p. 627. 

lines 5 and for Santa Catalina, Califoniia, read Santa Cat,alina Mountains, 
Arizona. 

line (\,for Californi.i, roti/ Colorado. 
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A. INTRODL’CTIOX. 

T he physiological relation of host and parasite is a subject urgently in 
need of investigation at the present time. On a knowledge of such 
relations must depend any further insight into the nature of immunity and 
susceptibility of plants to disease. In the case of the more highly specialized 
para-sites there is considerable difficulty in studying their physiological 
relations to their host owing to the complexity of the relationship, which 
often amounts almost to symbiosis, and to the difficulty of growing the 
para.sitcs independently and of bringing about infection at all times oi 
the year. It .'^eemed probable, then, that a closer investigation, by modern 
biochemical methods, of the mode of action and method of infection of some 
of the simpler parasites which can be easily cultivated would be of great 
value. A knowledge of the relationship of such forms to tlieii hosts 
sliould lead the way to a better understanding of the more highly specialized 
parasites. It was with this view that the present investigation was under- 
taken. 


’ This is the first of a series of studies which are being carried out in the department of'Plant 
l’h)siology and PaHiology of the lm|>cual College of Science and Technology. 

lAunals of Botany, Vol. XXIX. No. CXV. July. 1915.) 

Y 
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Botrytis cinerea is a menaber of the large physiological group of Fungi 
known as ‘ Facultative Parasites the members of which while normally 
saprophytic are able under certain conditions to live parasitically. Among 
Fungi of this type, the subject of the present investigation is somewhat pre. 
eminent, partly on account of its ubiquity, partly by reason of the striking 
features of its parasitic attack. When to these is added the fact of its being 
very amenable to cultural treatment, it is not surprising that this form has 
become a classical one for the study of the physiological questions relative 
to this type of parasitism. As a result of these researches certain features 
of this type of parasitic activity may now be considered as being firmly 
established. Prominent among these is the one due to de Bary (1), and since 
his day frequently confirmed, that .such Fungi possess the power of killing 
and disintegrating the tissues of the host in advance of their growth, so that 
properly speaking they are not parasitic upon the living ho.st at all, but live 
merely on its dead remains. This phenomenon of action in advance 
de Bary set down to the excretion by the tips of the advancing hyphae of 
some soluble substance which is capable of bringing about the ob.-erved 
changes — changes consisting, firstly, in the solution of the cell-wall, or 
at least of certain of its constituents, so that the tissue loses its coherence ; 
and, secondly, in the killing of the living protoplasmic contents themselvc;. 
So far we find general agreement, but when we come to treat of the nature 
of this soluble substance, of what it consists, of how many chemical entities it 
consists, and what share in the process is assignable to each, we meet with 
considerable divergence of opinion. This will be made clear from a review 
of the literature dealing with this question. 

B. Histokical. 

De Bary (1), in a paper now classical, investigated the parasitism 
oi Sclerotinia Libertiamt,d.(<sxm closely allied morphologically to Botryi>^ 
cinerea, and showing many similaritic.s in its mode of parasitism. By usini; 
the expressed juice of certain plant organs (roots of carrot, Stc.) which had 
been infected and overrun by the fungus, as also the liquid exuded in 
droplets from the young sclerotia of the fungus itself, he was able to show 
that the active principle was thermolabile, and so concluded that it was 
of the nature of a ferment. The cell-wall dissolving activity of the Jungn.s 
he unhesitatingly ascribed to this enzyme ; as to the to.xic activity he was 
somewhat doubtful. He discussed the po.ssibility of the latter being due to 
some soluble oxalate, and while showing that oxalates do occur m certain 
secretions of the fungus, he was unable on quantitative grounds to ascribe 
to these the markedly destructive effects of the fungus. His final in- 
clusions may be taken as summarized in the following quotation; e 
difference (between boiled and unboiled extract) is indeed a quantitative one 
as far as can be observed With the liquid from sclerotia the .same 
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differences appear, though less prominently— the boiled liquid has here 
a relatively greater effect.’ 

Marshall Ward (2), in his treatment of this problem, made flask cultures 
of Botrytis on prune juice. After the lapse of three weeks, he removed the 
superficial weft of mycelium, which was then washed, dried, ground to 
a powder, and extracted in water. He was able to confirm de Bary as 
regards the presence of a cell-wall dissolving enzyme ; as regards the toxic 
nature of the extract he was unable to make any advance. 

Precisely similar re.sults had been obtained a short time previously by 
Kissling (3), the same type of method being employed. 

Nordhausen (4) strongly emphasized the twofold aspect of the pheno- 
menon, enzymic and toxic. The following represents his conclusions : the 
active substances are ‘ apparently in part likewise enzymes, a conclusion 
rvhich I reach from experiments similar to those of de Bary, although it 
is not excluded that oxalic acid under certain circumstances plays a part. 
That the latter, however, is not alone responsible for the toxic action 
on plant tissue is shown by the case of Aspirj’illus niger, which secretes 
oxalic acid in large quantitie.s, even more so than Botrytis, without showing 
in any similar degree the marked parasitism of the latter.’ 

Behrens ( 0 ) used the expressed juice of fruits which had been infected 
with certain Fungi ; thus in one case that of a pear infected with Mucor 
stolonifer , in another that of an apple infected with PenidlUum Intmm. In 
the latter case he mentions that the culture was allowed to develop for three 
months before the extract was investigated. These juices he found to be 
toxic to the mesocarp cells of Symphoricarpns berries, nor were the toxic 
effects reduced by boiling. Hence lie concluded that the toxic substance 
was neither of volatile nor of enzymatic nature. 

Smith (fi) compared the actions of weak oxalic acid solutions (o-oi 
per cent, to i per cent.) and of a mycelial extract of Botrytis on certain 
plant tissues (stem of lettuce), and while noting that the effects were not 
similar in all particul.irs — especially in respect of the post-mortem reactions 
induced— he concluded that oxalic acid, even in the lowest concentrations 
employed, was sufficient to produce the changes observed. He even goes 
so far as to state, on the basis of certain maceration effects of the acid, that 
the cell-wall dissolving effects of the fungus may be set down to this acid, 
quoting from de Bary that so much as 0'3 per cent, oxalic acid may occur 
in mycelial extracts. This author thus occupies an extreme position among 
those who a.scribe an agency in this question to oxalic acid. 

As papers cognate to this subject m.ay be cited those of Jones (7), 
Potter (8), and Van Hall (9). These investigations refer to bacterial plant 
diseases, and in each case it was shown that a cell-wall dissolving ferment 
could be obtained from media in which the organisms had been cultivated. 
3 his ferment is no doubt very .similar to the Botrytis ferment under 
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consideration. On the question as to the presence of the toxin these 
authors were unable to make any notable contribution. 

Criticism. Viewed generally, the methods of preparing the fungal 
extract which have been adopted by previous workers fall under the 
two heads : 

1. Extraction from the old mycelium. This is the method of dc Bary 
Marshall Ward, Kissling, Smith, and Nordhausen. 

With respect to this method it can reasonably be objected that the 
secretions of an old mycelium do not necessarily bear any close relation- 
ship to those of a young vigorous culture. It is to be borne in rnind 
that the active invading portion of the fungus is e.ssentially of the nature 
of a young and fresh culture. In order therefore to study the nature of the 
active principle of the fungus, it is nccc.ssary to e.xamine the .secretions of 
young and vigorously growing hyphae. In this way only can the complica- 
tions due to the presence of waste products staling ’ products) be avoided. 

2. Extraction from plant organs (fruits, tubers, &c.) \rhich have been 
overrun by the fungus. This method was employed by de Bary, and more 
particularly by Behrens. 

The time required for the complete invasion of a compact structure 
such as a good-sized fruit m.ay be considerable; in one case, for instance, 
Behrens employed a three months’ old culture of Pcnicillinm lutcum ii;i 
apple. It will thus be seen that the objections relative to old and (in 
the main) stale cultures put forward under the previou.s heading apply here 
with equal force. Furthermore, this method pre.sents additional complica- 
tions. In extracts of this sort there are prc.scnt substances derived both 
from tile fungus and from the host, in varying amount according to the 
degree of invasion at the time of extraction. Now when we bear in mind 
the plasmolysing effect of plant and especially of fruit juices, and further- 
more that pla.smolysis normally induces death of living tissue, it is easy 
to see that such extracts as tho.se of dc Bary and Bchren.s can give 
no certain indication of the primary toxic principle concerned. It will 
be shown later that the plasmolysing effect of a plant juice is greatly 
reduced by the growth in it of a fungus. Nevertheless the presence of the 
unknown remainder constitutes in all cases a complication which certainly 
should be avoided. 

A similar criticism would also .apply to the bacteriological investigation< 
above mentioned. Here, how'cver, the active .solutions obtained were so 
weak that little was attempted in the way of studying the question of 
toxicity. 

The work of Smith calls for special criticism. His method was to 
compare the action of mycelial extract with th.at of various strengths of 
oxalic acid, and from certain .similarities he concluded that this acid played 
a great part in the changes concerned. Other acids he found behaved 
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in this respect like oxalic acid ; he chose the latter from its known occur- 
rence in the fungus. In one important particular, however, he is at fault 
inasmuch as the starting-point of his study is a strange misquotation from 
je Bary. The latter he cites for the statement that oxalic acid of o-^ per 
cent, strength may be found in extracts of Scleroimia, whereas dc Bary 
states categorically that he was unable to demonstrate any free oxalic acid 
but 'that this substance occurs solely in the form of its salts (potassium 
or calcium). Smith himself records i per cent, oxalic acid in extracts 
of old mycelia, but here he is undoubtedly including oxalates, both soluble 
and insoluble. In the low concentrations employed by Smith, potassium 
oxalate has only a very slow toxic action, and its macerating action is nil at 
all concentrations. ^ Such being the case, it cannot be allowed that Smith’s 
contributions on this particular question are really helpful. 

Apart from these considerations, a perusal of the literature convinces 
one that hitherto no one has succeeded in obtaining a really strong solution 
of the active principle of Bolrytis cincrca or of any of its near allies. This 
«e may conclude from the times required to bring about the various 
decompositions as recorded by the different investigators. Thus de Bary 
ind Marshall Ward, in testing the action of their extracts on thin sections 
of plaitt tissue under the microscope, speak of a definite change being 
oteervablo after some hours, while in the case of Behrens the action of the 
extract was allowed in some cases to proceed for twenty-four hours before 
observation was made. N'ow as regards the toxic action of an extract, 
it is absolutely imperative that the transformatioas be carried out within 
.1 compaiativcly short time. In work of this description — where the 
behaviour of living tissue is used as the indicator of a reaction-the 
complete exclusion of micro-organisms is a practical impossibility, and 
therefore observation can only be extended with confidence over the period 
during which bacteria! activity is inconsiderable and while there is no 
accumulation of bacterial excretory products. How long this period may 
bevill depend on various factors, prominent among which is the tempera- 
ture maintained ; but, speaking generally, it has been found that under 
ordinary laboratory conditions it is only with the help of special control 
measures that observation can be safely extended up to and beyond 
tnciity-four hours from the commencement of the rc.action. It is possible 
to extend tlic period of observation by lowering the temperature, a pro- 
cedure which greatly retards the progress of bacterial contamination, 
"ithout retarding m anything like the same degree the activity of the 
extract. Needless to say the employment of antiseptics is not permissible 
ui studios of tlie toxic action of an extract. 

The aim, then, of the present investig,ition was in the first place to 
prep,iic an extract from young hyphae alone, and it was hoped tliat 
1 IS extract might prove to be of a sufficiently powerful nature to 
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recommend it for use in such an investigation as it was intended to 
prosecute. This anticipation has not been disappointed. It was found 
possible to obtain from young recently germinated spores of Botrytis an 
extract much more powerful than any hitherto attained, and furthermore 
a method has been elaborated for obtaining .such material in fairly large 
quantities without prohibitive labour. As the method, though containing 
uQrhing new in principle, is novel, insomuch as no such procedure ha.s 
hitherto been attempted, and as it may be found to be applicable to othtr 
studies along similar line.s, it will be described in some detail. 

C. Prf.paratton of Standard Extract. 

As it was thought advisable to use the same strain of fungus throughout, 
certain cultural precautions w'ere taken in order to retain its vigour, and 
more especially its capacity for spore production. Up to the present time 
two primary cultures of Botrytis cincrea have been employed, one in the 
earlier stages, the other throughout the remainder and greater part of the 
investigation.' The former strain ceased after a few months to produce 
spores in abundance, and no treatment, such as alteration of temperature or 
of medium, was effective in restoring it to its original freely sporing con- 
dition. Up to this stage the practice had been to reculture the .stock 
cultures rather frequently — once a fortnight and to incubate them at 35 h 
With the new culture this procedure was modified, stock cultures being 
kept at laboratory temperature (about 20° C.), and only undergoing 
reculture at much longer intervals — actually once in about three months. 
The present strain has now been in culture in this laboratory for a year and 
a half, in which time it has reached its .sixth generation, and it still spores 
as freely as ever. Stock cultures are made in large ' boiling tubes ’ on the 
potato agar medium to be described below. ^ ^ 

The first object is to provide an abundant supply of spores. This is 
done by the usual I’etri-dish method, the culture medium being inoculated 
with the spores prior to pouring in order to obtain uniformity of development 
over the plate. A.s culture media, trials were made of turnip, prune, and 
potato agars. From the point of view of copious spore formation, the la.d 
is incomparably the best, and it has accordingly been employed throughout. 
It has the following composition : 

Peeled potato R’'’' 

Agar 1 ° R'-''- 

Water 

The potatoes arc boiled in water till they form a mush, which after 
cooling is pressed through a muslin bag in order to break down the larger 

r Both enUnres were obtained from the ‘ Centralstelle fur I'ihkiilturcn Amslerd-im. 
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lumps- The subsequent treatment is as usual. Plate cultures are incubated 
at 20° C. (at 1,5° the spore yield is very much diminished). Spore forma- 
tion begins in about 4 days ; in 10 days to a fortnight the plates are ready 
for the subsequent treatment. 

The problem now is to obtain the spores from the plate cultures, 
for this purpose each plate is covered with a layer of distilled water ; then 
by gentle rubbing with the finger, beginning at the centre and working to 
the margin, it is possible to expel the entangled air without at the same 
time unduly contaminating the atmosphere of the room with spores, though 
this is unavoidable to some extent. The whole aerial portion of the culture — 
mycelium and spores— is now rubbed off by gentle scraping with a blunt 
knife. With a little practice it is quite easy to perform this operation 
ffilhout di.sturbing the underlying solid medium, so that, apart from the 
fuBgu.s itself, only liquid substances are removed from the plate. The 
fungal debrfs, &c., is now filtered through a fine clean muslin cloth (20 
threads to the cm.). The spores and finer particles pa.ss through, whereas 
the general mycelium, apart from occasional very short pieces of hyphae, is 
completely held back. The .spore suspension is now centrifuged at a moderate 
speed. By this means it is possible to separate the heavy spores which are 
readily tliroum down from the finer debris which remains in suspension. 
The 'wet’ volume of the centrifuged spores is noted for purposes of the 
following treatment. 

The centrifuged spores thus obtained in a practically pure form are now 
suspended in definite proiwrtion in a nutrient liquid and spread over a glass 
plate in order to germinate. The following general considerations may be 
noted : 


1. Length of Period allowed for Cermination. 

.\s it wa.s proiioscd to examine the physiological conditions prevailing 
within the ‘ infection drop’ ' with the object of throwing some light on the 
manner in which the fungus first actually enters the host plant, an attempt 
was made to obtain an extract from the fungus at a stage comparable with that 
at which it actually penetrates the host. The period elapsing from sowing 
to penetration varies somewhat with different hosts and under different 
conditions, but generally speaking it may be set down as lying between 
12 and 24 hours. Tliroughout this work the .spores were allowed as nearly 
as might be 23 hours’ germination, this being considered sufficiently close to 
the ideal time, as well as offering conveniences for the systematic day-by-day 
repetition of the process which the method entails. 

' By this is meant the Urop of fluid in which sowings of the fungal spores are made on the 
surface of the host plant. With Fungi of this tyyw, this represents the usual procedure in artihcial 

infection. 
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2. Uniformity and Completeness of Germination. 

For this purpose, the factors of importance are — 

(a) The spores must be uniformly distributed throughout the nutrient 
fluid ; 

{i) The quantity of spores per unit volume of nutrient should not exceed 
a certain limit ; 

(c) The film of nutrient on the plate should be of uniform depth 
throughout. 

The details of the method, as given below, were only gradually evolved, 
and being based on numerous subsidiary experiments may be taken as 
representing the best set of conditions from the point of view on the one 
hand of effective and uniform germination, and on the other of economy of 
space and labour. 

The method of dealing with 0-3 c.c. of centrifuged spores, which i.s about 
the amount obtainable from two, fairly good, H cm. diam., Petri dish 
cultures, may be stated. This quantity of spores is suspended in 30 c.c, 
of the nutrient fluid. The plates on which the spore suspension is sown 
are flat, circular, of 8 in. diameter. F.ach plate is supported on three 
wedge-shaped corks in the bottom of a large Petri dish, the atmosphere cf 
the latter being kept moist by the usual devices. Fach plate is accurately 
levelled by means of a spirit-level previous to sowing, this being cffectcJ 
by manipulation of the supporting corks. Immediately before each plate 
is sown, the spore suspension must be agitated. This can readily be 
effected by blowing in air through the pipette which is employed for 
measuring out the allowance for each plate. The spore suspension is now 
spread over the plates up to \ in. from the margin at the rate of 3 e.c. to 
each, spreading being most readily effected by means of the finger. With 
practice it is quite easy to sow as many as 20 plates in half an hour. Ihe 
spores arc now left to germinate at the ordinarj' laboratory temperature 
(about 20° C.). 

With the plates employed and with the given suspension density of 
spores (o-i c.c. spores to 10 c.c. nutrient) it has been found that any reduction 
from the amount given above (viz. 3 c.c.) for each plate has rc.sulted in 
a diminution of yield together with increased tendency to luck of uniformity 
in germination. Any reduction in the amount of liquid should be accom- 
panied by a corresponding reduction in the density of suspension. 

In the earlier stages of this investigation, the nutrient fluid employed 
was a commercial grape preparation ( IVcle/i's Grape Jiace), and for 
purposes of the manufacture of spore material this medium proved quite 
satisfactory. This preparation, however, when laid in the form of diops on 
the surface of plant tissues (leaves, &c.) has a very strong plasmolysing an 
killing effect ; and in view of the fact that one object of the research was to 
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institute a comparison between the action of the extract obtainable from the 
germinating fungus and that of the fungus itself upon the living tissue, this 
feature was very objectionable, and an effort was therefore made to find 
a substitute. This was found in Turnip extract, which has proved to 
possess many advantages. Besides considerations of cheapness and availa- 
bility, it is superior to ‘ Grape Juice ’ in its much slighter plasmolytic effects 
„hile equalling it in the quantity, and more than equalling it in the quality, 
of fungal material which it furnishes. It also possesses the considerable 
advantages that it is only slightly coloured, and its stock solutions can 
withstand repeated heatings without deterioration, whereas ‘ Grape Juice’ 
suffers a definite loss by precipitation at each sterilization. This turnip 
medium is prepared as strong as possible — that is, the turnips (white) are 
autoclaved without addition of water, and the juice subsequently extracted 
under pressure. The most suitable medium is derivable from solid half- 
grown turnips, that from old vacuolated ones being considerably weaker and 
affording a smaller yield of germinated spore material. 

The germination phenomena need not be described in detail. After 
four hour.s, commencement of germination can be seen in a small number of 
spores ; after eight hours, germination is very general, but is variable iii 
amount, the germ tube ranging from a mere papilla to a tube of four spore- 
lengths; at the end of the period allotted, apart from occasional spores 
which have remained clumped together and which may show various stages 
of arrested development, germination is very generally well advanced. The 
young hyphae, by reason of the comparatively thick rate of sowing adopted, 
are all closely intertwined and their individual appearances can only be 
readily seen by tearing out a small portion of the ‘ weft The average 
length of hypha depends naturally on the strength of the particular turnip 
extract employed, but it may be taken as approximating to 20-40 spore 
lengths. While each spore normally puts out a single germ tube, bipolar 
germination is frequent, in which case the length of each tube is less than in 
the normal case. Side branches of first order are not at all uncommon. 

At the conclusion of the period of germination the plates thus present 
a continuous w'cft of interlocking hyphae, and the whole film may be 
removed as such, much in the same way as a gelatine film may be removed 
from a photographic plate after immersion in warm water. The fungous 
film offers usually considerable resistance to removal, being firmly attached 
to the plate, a phenomenon which finds its explanation in the veryr general 
development of incipient attachment organs. This is readily verified micro- 
scopically, a large proportion of the hypluae showing at their tips the 
flattened slightly swollen appearance charactcri.stic of the early stages of 
these organs. The formation of thc.se attachment organs is very strongly 
marked in sowings in Turnip extract, more so than for instance in sowings 
in ‘ Grape Juice and it is at any rate plausible that the superior quality of 
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the material obtainable by using the former liquid is in some way related 
to this marked development of attachment organs. 

In practice the removal of the film from the plate is most readily 
effected by means of a glass slide. The spore material is now thrown on 
to a muslin cloth, the edges of which are wired to a tripod in such a way as 
to form a bag, and the whole mass is subjected to vigorous washing, with 
stirring, under the tap. Any ungerminated spores, minor debris as well as 
the nutrient medium, are by this means washed away, while the weft-like 
nature of the ma.ss of germinated spores prevents their passing through. 
This washing is continued for ten to fifteen niiniites, and is followed by three 
successive washings in a large quantity (half a litre) of distilled water. The 
spore material is now strained as far as possible, spread evenly over a glass 
plate, and dried over calcium chloride in vacuo. The fungus material 
when dry is scraped off and ground in a mortar with clean, dry quaitz sand. 
Throughout this work equal weights of fungus and sand have been used. 

If perfectly dry— i. e. immediately after removal from the desiccator after 
overnight exposure to the calcium chloride— the fungal skin is brittle and 
lends itself quite readily to grinding. When kept for some time in the 
ordinary laboratory atmo.sphere, being hygroscopic, it gains slightly in 
weight and in this state is tough and difficult to reduce to powder. In 
practice an attempt was made to make the grinding of successive lots as far 
as possible uniform in degree, this being done by the use of a system in 
grinding. The ground powder is a uniform grey, and the degree of grinding 
can be estimated roughly by the change in colour from the black of the 
unground to the light grey of the well-ground spores. Grinding ha,^ 
throughout been performed by hand, though .some sort of mechanical 
apparatus could no doubt be readily fitted up. In all cases the amount of 
grinding has not been stinted, and examinations of a little of the wetted 
powder which have been made from time to time under the microscope 
have shown that only occa.sional spores escape destruction ; recognizable 
traces of hypha are also rare. 

As the materials of different day.s’ growth vary to a slight extent in 
the activity of the extract to which they gave rise, the practice has been to 
collect a considerable quantity of material, which is then intimately mixe 
up before being used for experimental purposes. This method is justifiable 
on the ground that, as far as can be seen, the dry powder prcsei-vcs its 
activity undiminished for a very considerable lime. Thus in one instance 
a certain tube of material appeared to possess undiminished activity after 
a two months’ fnterval.’ 

' This is in accord.incc wilh the behaviour of other similar substances in the ilry form. In .te 
present case an exact proof is impossible on account of the Uihicuity of obtaining identical subslraU 
at different times. The above gonclusion is based upon the general effectiveness ol the materia 
Upon a variety of substrata. 
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The spore material is extracted by suspension in distilled water, care 
being taken to keep the ddbris in suspension by shaking at intervals. By 
subsidiary experiments (using the quantitative method to be described 
below) it was shown that by increasing the amount of powder suspended in 
a given volume of water, the activity of the resultant extract increased, but 
only up to u certain point, further increases in the proportion of powder 
giving no appreciable increase in the activity of the extract. This limiting 
activity of extract is obtained when extraction is made in the proportion of 
0.1 gr. powder (= o-i gr. fungus + o-i gr. sand) to 3-4 c.c. water. Thus 
the difference between the activity of, say, a 0-2 gr. in 1 c.c. and a 0-2 gr. in 
3 c.c. suspcn.sion is, with powder of normal quality, scarcely demonstrable. 
In view of these considerations, the spore powder ha.s been extracted 
throughout in the proportion of 0-2 gr. to 3 c.c. water, the full activity for 
the powder being thus obtained. 

In view of the statement of Michaclis (Abderhalden’s Handbuch d. 
biochem. Arbeitsmethoden I!I,i,p. 13) that in .such cases, where the enzyme 
or similar substance i.s contained on the surface of an insoluble powder, an 
extraction of twenty-four hours duration is required in order to ensure 
uniformity of extract in different experiments, a series of experiments was 
set up to determine what time of extraction is necessary in order that the 
extract may reach its limiting .strengtlr. ITxtractions were made for periods 
of i i and i hour, the process being stopped at the end of each period 
by centrifuging off tlie debris. These extracts were compared b)- the 
quantitative method to be described later. In the ca.se of the J-hour 
extract only was tliere any indication that the full .strength had not been 
reached. The three other extracts were of equal strength within the limits 
of experimental error. Throughout this work, one hour's extraction ha.s 
been allowed, this time being chosen as representing safety as well as 
offering conveniences for the carrying out of the other experimental details 
involved. The liquid i.s finally cleared by centrifuging for three minutes at 
the highest speed available (3,000 revs, per minute), decanted, and again 
centrifuged and decanted. The liquid thus obt.iined is tlie crude extract 
'vhich has been employed in the prc,sent investigation. It ixjssesscs a pale 
straw-colour, is opalescent, and has a characteristic ‘ mouldy’ smell. 

fhough the experimental method as sketclied above seems somewhat 
laborious, it is by no means unduly so, and it is quite practicable to prepare 
m this way quantities of material comparable to those which arc usually 
employed in enzymic studies. The following figures will suffice to show 
how the method works out. rcprc.senting as they do a fair average : 

from two Petri dishes of 8 cm. diameter are obtained 0-3 c.c. spores 
(»'et volume) ; the latter arc sown in 30 c.c. Turnip extract on 10 plates. 
The weight of germinated material when dried = c-j to o-8 gr. Thus the 
powder obtained = 1-4 to 1-6 gr. For the preparation of standard extract. 
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this quantity of material is suspended in 21 to 24 c.c. water, furnishing after 
centrifuging 18 to ao c.c. of extract. As the result of 26 days’ preparation 
of material, a maximum of 10 plates being employed, a quantity of 35 gr 
of powder was collected. This represents a quantity of about 420 c.c. of 
standard extract. Again, as the result of 10 days preparation, about 
25 plates being sown daily, a stock of upwards of 60 gr. of powder 
was gathered, representing about 730 c.c. of extract. It is thus plain that 
the experimental treatment of this subject, according to the routine here 
adopted, offers no greater difficulties from the point of view of the availability 
of material than are met with in enzymic studies generally. 

In carrying out the above- described routine, no special precautions 
against bacterial contamination have been found necessary. Bacterial 
action would be considered most likely to show itself on the germination 
plates at the end of the germination period. No doubt bacteria do occur, 
though several examinations with the microscope have failed to demonstrate 
their presence. This state of affairs is probably to be set down partly to 
the acidity of the turnip medium, and partly to the vigorous development 
of the fungus spores. In any case a limited bacterial development is of no 
importance, as both bacteria and bacterial products arc washed away in the 
further treatment of the fungal material. 


D. Quantitative Method of studying Action of Kungai, 
Extract. 


The ba.sis of the method Ls the capacity of the fungal extract to dcstro)' 
the coherence of any susceptible tissue which is placed in it for a sufficiently 
long time. The method is as follows : 

From a tuber or other fleshy organ, an axial cylinder of about i-i-J cm. 
diameter is cut by means of a cork-borer ; this is cut across in the middle, 
and from the surfaces so exposed transverse sections of j- mm. thicknes.s arc 
cut by means of a hand microtome.' The discs arc now freed from con- 
tained air by injection under the pump with water. After thorough washing 
in distilled water, they are placed in the extract and the time noted that 15 
required to bring about ‘loss of coherence'. For purposes of the present 
quantitative test, coherence is said to be lost, when the discs as tested b) I.tou 
offer no perceptible resistance to a palling stress? 1 he time from com 
mencement of action to ‘ loss of coherence ' gives a measure (inverse) of the 
activity of the extract. 


• ^t's'agfdoes not represent the end-point of the macerating action even in itt macrosooH 
The discs later become so fragile that it is impossible to handle them with P 

accord. This stage, however, is diBnod 


aspects. 

the,, 

detennine, as there is no means of regulating or 
rupture. 


though they do not -tually fall as^der of ^ir ^ 



Bromn— Studies in the Physiology of Parasitism. /. 325 

The limitations of this method, and the accuracy of which it is capable, 
are discussed under the following five headings ; 

(i) Nature of tissue employed. It is obvious that a tissue suitable for 
this purpose is one which in its fresh state possesses a marked degree of 
coherence. Such a tissue, as for instance that of the pear or even of many 
varieties of apple, is of little value ; on the other hand, turnip and potato 
tissues are eminently adapted to the present purpose, and these have 
accordingly been generally employed. 

The ideal tissue is one which allows of discs being cut which are 
uniform in quality throughout. Ordinary leaf tissue cannot therefore be 
employed, and in practice we arc confined to the use of fleshy tissues. 
Even with these it is in general impossible to prepare discs which are quite 
uniform throughout. Thus even in the centre of the potato small vascular 
strands occur which produce local lack of uniformity. In cases where these 
are abundant, the tissue should be rejected, and in all cases care mu.st be 
taken that these small vascular strands do not run in the plane of the 
section and more especially in the direction in which coherence is tested. 
A tissue suitable for the present purpose may therefore be defined as one 
furnishing discs which on microscopical examination are seen to consist of 
a ground-mass of uniform parenchyma cells with a limited number of islands 
of vascular (more resistant) tissue. 

(ii) Accuracy in thickness of the sections employed. The degree of 
accuracy obtainable in the disc-cutting process depends to a considerable 
extent upon the nature and physiological condition of the particular 
tissue. It also depends upon the thinness of the discs cut, there being 
a limit of thinness beyond which the microtome ceases to perform satis- 
lactorily in this re.spcct. Care must be taken that the cylinder of tissue is 
sufficiently rigid not to yield to the knife. This consideration requires that 
tlic cylinder, in addition to being of a certain .stoutness, should be quite 
uirgid, a condition which is readily obtained by injection with water 
previous to cutting. In the case of potato tissue, the upper limit of 
variation in thickness of the microtomed discs was determined as 
4 per cent.' 

(iii) The determination of the 'end-point' of reaction. It must 
be conceded that the arbitrarily chosen end-point does not represent 
any definite stage of the reaction. It Is simply that stage at which 


' Ihis was measured by cutting a scries of sccrions, which were then washed, rapidiv dried 
ktueeii liUcr-pajicrs, .and weighed. The following were the figures ohlaincd : 


Max. weighing o-oSS gr. 

Min. o*oSs gr. 

Average weight of sixteen discs o-oSh; gr. 

Max. varialion from mean O’Ooi r gr, 

Max. vari,atioii among the individual readings . . . O’OOS gr. 


iiiis variation of o-OGj gr. in 0-0867 go u appro-xitnafely 4 per cent. 
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coherence has been so far reduced as to be imperceptible when tested by 
the hand — that is, when the disc is pulled from opposite sides it separates 
without perceptible resistance. The e.^act position of this point in the 
series of changes in the tissue brought about by the extract obviously 
depends on the ‘ stimulus threshold ' for resistance to pull of the particular 
observer. This limiting value varies with the same observer from time to 
time, and thus a varying personal equation is introduced. In cases where 
two extracts of approximately equal strength arc being tested, it is obvious 
that if the determinations arc made within a short time of each other, the 
personal variation is small. When two extracts of widely different activities 
are being compared, it may happen that the end-points are reached at 
widely different times, in which case the personal factor may be different in 
the two determinations. It is, however, plain that in such a case the 
necessity for accurately determining the end-point is diminished. 

The accuracy of determination of the end-point obtainable in practice 
may be gauged from the following figures. In the case of an experiment 
which would be set down as finished in fifty minutes, it is quite possible to 
convince oneself that a definite degree of coherence is perceptible after 
forty-five minutes; in other words, it is quite feasible in an action lasting 
fifty minutes to determine the end-point to within five minutes. This gives 
an error limit of about to per cent. Furthermore, when discs from 'he 
same region of an approximately uniform tissue are tested with the same 
e.xtract, their end-points arc found to show agreement to within 10 per cent. 
This figure then represents roughly the limit of v.ariation which ceases to 
be significant. In the following it will be seen that the differences of 
activity noted are as a rule much greater than this, and no conclusions are 
drawn from observed difference.s in activity in which it was not perfectly 
certain that the differences observed lay far beyond the limits of this 
observational error of 10 per cent. 

(iv) The varying nature of the actual substrate. There is wide 
variation in sensitiveness of the different potatoes, turnips, &c,, employed, 
Thus with the same extract a variation of 100 per cent, has been 
observed in different potatoes. The same has been shown to apply to 
turnips. This consideration renders the comparison of results of different 
series of experiments difficult, and in pnictice this was carried out by com- 
paring each with a standard. This is furnished by the standard extract 
above described, a common stock of spore material being kept for purposes 
of this day-by-day comparison. When, however, the comparison of two 
sets of experiments was considered to be of critical importance, it was 
always possible to carry out the observations side by side on the same 
substrate.’ 

r It oiiglit be thought feasible to cut from the same pobito a large number of discs, whict, 
could then be kept in presence of an antiseptic and used for siandardizing purposes. This metiisS 
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(v) The stability of the extract. The extract is not a stable solution, 
ljut loses its activity with lapse of time. After twenty-four hours in 
presence of chloroform, it has lost slightly in activity ; after a week its 
activity is very small. The effect of this deactivation with time is to 
prolong the slow reactions unduly. This error can of course be corrected 
by renewal of the liquid from time to time. In the average experiment, 
lasting less than six hours, this procedure is not necessary, and the error 
introduced is not appreciable. 

Other Quantitative Methods. A variety of other methods has been tried 
from the point of view of a quantitative treatment of the subject. As these 
have been comparative failures, it is only proposed to mention them briefly. 

A substrate was prepared for the enzyme in the following manner. 
Turnip tissue was pulped, freed by prolonged washing from soluble 
materials, dried and ground to a powder. This may be considered to be in 
the main a cellulose powder. Water suspensions of this powder were added 
to the e.xtract, and the action was estimated after a time by Fehling’s 
solution. This experiment was controlled by a similar one in which 
deactivated (see later) fungus extract was employed. The conclusion 
reached was that while the figures lay in the right direction, they were far 
too small to encourage the hope that the method might be serviceable. 
Quite apart from being very laborious, the method appeared infinitely 
inferior to the one adopted. The same remarks apply to a number of 
experiments in which an attempt was made to use as substrate a ' calcium 
pectate ’ extract of turnip tissue, prcptired according to the method described 
by Behrens (1. c.). 

In another series of experiments the killing action of the extract was 
followed by measuring the rate of escape of certain constituents of the 
tissue. Experiments along these lines were tried witlt tissues of turnip, 
onion, and beet. In the first two of these the action was estimated by 
Fehling’s solution, in the last it was measured colorimetrically. The con- 
tiusion reached was that this represented a possible method which, given 
a suitable tissue, might furnish results of value. It did not appear, however, 
sufficiently promising to warrant its continuation at the time. 

An extensive investigation of plant pectins is at present being carried 
Out ill this laboratory by Dr. Schryver. It is hoped that on the basis of his 
results it may be possible to elaborate a suitable chemical method for stan- 
dardizing fungal extracts as regards their capacity to dissolve the cell-wall. 

s, hmitvtr, quite unsafe, as there is no guarantee lh.u the discs temaiii unaltered when so jeeserved. 
In point of fact, observations have shown that alterations do take pbce. Thus, if a number of discs 
hoiu the same leption of the same potato are preserved in dittereiit ;u.tiseptics, they are found after 
n seek s interval to show widely different eleerces of sensitiveness to the actiera ui tire fungal e.ctract. 
1 urintioiis amounting to as much as 400 per cent, have in this way been produced. A more striking 
enniplc ol the s.ttne pheiionienon is given later p. 344}. The above serves to illustrate the dangers 
uteiidaut upon this method of standardiiing eatracts. 
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E, Action of Extract on Tissues. 

(a) General Account. 

The action of the extract is of a twofold nature : 

1. Solution of certain constituents of the cell-wall, resulting in loss of 
coherence of the tissue. 

2 . Death of the cells themselves. 

These two aspects of the phenomenon will in the meantime be referred 
to respectively as the ‘ macerating ’ and ‘ lethal ’ actions of the extract. 

Fleshy tissues were prepared in the way described in the preceding 
section. The following tissues were tested and found to be readily acted 
on: Tubers of Potato, roots of Turnip, Beet, Radish', fruit tissue of Apfk^ 
Cucumber', pith of stem of Senecio articulata. VVith extract of normal 
strength, potato discs of ^ mm. thickness are very usually disintegrated in 
twenty to thirty minutes, though, as has been stated, there may be con- 
siderable individual variation. Discs of white or yellow Turnip require as 
a rule a similar time, while the harder tissue of Swedes is more slowly acted 
upon. The above list is no doubt capable of wide extension, and it is 
indeed highly probable that the fleshy parenchymatous tissue of fruits, 
tubers, 8:c., is very generally susceptible to the action of this fungis 
extract. 

Tissues of leaves, petals, &c., were treated in a variety of ways. Discs 
of these were submerged in the active extAct, so that action proceeded 
from the margin (the cuticle presenting an impenetrable obstacle to the 
diffusion of the extract, as will be shown in a subsequent paper), or the 
extract was injected into the tissue by means of the air-pump. In a series 
of experiments the extract was injected into the tissue by means of a hypo- 
dermic syringe. The advantage of this method is that the tissues arc main- 
tained in a more normal condition during the course of the action than 
when they are submerged in liquid. 

When the discs are merely submerged in the extract the action may 
be comparatively slow, being to a large extent limited by the rate with 
which the leaf disc becomes injected. This injection process, whicli also 
takes place when the discs arc immersed in water, is somewhat obscure in 
principle ; ' in particular the fate of the air of the intercellular spaces i.s not 
quite clear. Injection proceeds chiefly along the line of the vascular 
bundles, especially from the proximal end. The course of the action is also 
influenced by the mechanical properties of the leaf discs. Thus, in the case 
of tulip petal discs, the disintegration of the more sensitive central tissue 

* This phenomenon is probably reiated to that of the ascent of water in shoots which .rre kept 
in a saturated atmosphere. The injection would thus be dne to an active pumping action on ria 
part of the cells of the leaf ; cf. Dixon, Proc. Roy. Ir. Acad., vol. iv, 1896-8, 
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jlong the cut surface results in the rolling apart of the upper and lower 
Lives, so that the extract rapidly gains access to all parts of the disc ; in 
Lse prtal discs the same effect is produced by the rolling back of the lower 

cuticle- 

When th^ active extract is injected into the tissue, the action may be 

rapid. The most marked effects are seen in the case of floral structures, 
in which injection of the extract produces rotting and death within half an 
This has been found to be true of upwards of thirty species 
investigated, whence it would appear that the extract is destructive to floral 
structures in general. In the case of foliage leaves, the rate of action is as 
a rule much slower, but is nevertheless strongly marked in many cases— 
leaves of succulents, of Vicia Faba, Viola, Petunia, Lactuca, Begonia, &c. 
In the case of leaves of a hard woody nature it has not been shown in any 
case that the extract has any action. Thus leaves of Aucuba, pitchers of 
geimtlies, have afforded negative results. 

When tissues of lower plants were investigated in this respect, unexpected 
results were obtained. Nordhausen (l.c.) records certain experiments in 
which moss leaves showed themselves very sensitive to the action of Botrytis, 
and it was in view of this statement, as also on account of their softness, that 
tissues of Bryophytes were expected to succumb rapidly to the acUon of the 
extract. Quite the opposite result was obtained, and in fact it is not too 
much to say that these forms show complete resistance to the action of the 
fun"al extract. The following have been investigated ; 

°Thallus of Pellia, Fegaiella-, leaves of Plagiochila, Funana, and 


blnium. 

In no case whatever was any definite alteration demonstrated, even 
after several days' action of the extract, the latter being renewed from time 
to time,® 

In view of this startling discrepancy, experiments were set up to see i 
any confirmation could be obtained of Nordhausen’s statements as to the 
action of the fungus itself. For this purpose small clumps of the above- 
mentioned plants were sprayed with a turnip extract suspension of Botrytis 
spores, which were then allowed to germinate. In the course of a few days 
the clumps were quite infested with the fungus, becoming in fact toUlly 
covered and hidden oy the mass of mycelium. Even after this drastic 
treatment, the plants, both mosses and liepatics, were found to be only very 
slightly affected, appearing slightly limp and unhealthy, but showing no 


> In the case ot the soft petals of Ghximi, AMmenc!, Trwkuantii, SaM^Ma, the 
effecl of the estract is apparent within five minutes of the time of injection, h urlher action of the 
e.xlraot leads lo almost complete solution of these petals. , j;, 

* In the case of the moss leaves examined, groups of cells here and there were seen ° 
coloured, but in no case was anything like a general action of the extract shown, bimdai and as 
far as could be judged, equal discolorations were seen in the control moss leaves whi.h 
kepi in water. 


Z 
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rotting nor any invasion by the fungus. The slight effects observed were 
set down to bacterial contamination, the cultures having become by this 
time very foul. In another experiment, pieces of Pellia thallus, leaves of 
Mnium and Plagiochila as well as portions of various higher plants (leaves 
of Geranium, Dahlia, petals of ditto) were placed on a plate of germinating 
spores, set up as previously described, control pieces being placed on 
a similar plate from which the spores rvere absent. In the course of 
twenty-four hours the Geranium and Dahlia tissues were largely invaded 
and decomposed ; after forty-eight hours they were entirely rotten, while 
the controls were still unchanged. On the other hand, up to the end of 
the experiment, which lasted for four days, the moss and hepatic tis.sues 
appeared quite unaffected, although they had been completely overrun by 
the fungus. 

The conclusion from these experiments, viz. that mosses and hepatics 
show a considerable degree of resistance to the attack of Botrytis, seems 
more in accordance with experience than the results of Nordhauseii, The 
habitat of these plants is one which would be calculated to encourage 
the growth of the fungus. If they are as highly susceptible to attack 
by the fungus as Nordhausen states, it is surprising that no natural occurrence 
of the latter on these plants has been described. Apart from the experi- 
ments of Nordhausen, there appears to be no case of infection of mosses by 
Botrytis recorded.' 

Among Algae, the action of Botrytis extract was te,sted on filament.s of 
Sfirogyra. From the two tests made in this connexion it appeared doubt- 
ful whether any action occurred. If any, it was certainly very slight. 
Here by way of contrast it may be mentioned that experiments with 
the filamentous staminal hairs of Tradescantia 'oirgimea gave a strong 
positive result, the filaments rapidly breaking up into the individual cells, 
from which the coloured contents soon became discharged. 

Viewed generally, the macerating action of the extract shows itself 
in the tissue losing completely its coherence, subsequently breaking down to 
form a mush, and in extreme cases passing almost completely into solution. 
With regard to the lethal action, the criteria must to a large extent be 
chosen to suit the particular circumstances. In the case of such tissues as 
turnip or cucumber, the lethal action of the extract can be demonstrated by 
failure of the cells after a time to show plasmolysis in hypertonic solutions. 

^ The contradiction is in certain respects not absolute. X'ordhausen took leaves of .Vninm, 
laid them on the surface of a nnliient jelly, and sprayed Hotrytii spores over the upper surface. 
The spores grew down into the cells of the leaf, being attracted chemotropically by the nutriest 
passing up from the underlying layer of jelly. The moss cells were killed, their contents discoloured 
and the cell cavities finally became filled with a mass of Ityphae. On the last point it is diiliculi 'o 
see how any mistake could have arisen, and it may be that the absence of a special chcmouopic 
factor in the experiments of the present paper may have been responsible for failure to produce 
infcctioa. 
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In coloured cells, death is as a rule shown by escape of the coloured sub- 
stance. This substance may remain as such and impart its colour to 
the fungal extract (e. g. Beet), but more generally it disappears from view 
altogether (e. g. Rose, Viola, and many other petals), though its presence 
niay be demonstrated by the addition of a suitable reagent (e. g. an acid in 
the case of the red pigment of Rose petals). In other cases the incidence 
of death is shown by a new development of colour, due to autolysis, i. e. to 
actions taking place which were held in abeyance during life. Such is the 
well-known black coloration produced after death in the leaf of the Broad 
Bean. 

These post-mortem phenomena as witnessed in the various tissues 
experimented upon do not call for detailed description here. It is impor- 
tant, however, to state that the post-mortem changes brought about by the 
fungal extract, with one exception which is only apparent,' were identical 
with those induced by the action of the fungus itself. Again in all cases, 
where a distinct parasitism of the fungus on a particular host could be 
established, it was found that the tissues of the latter were acted upon 
in a similar way by the fungal extract. These considerations — viz. simi- 
larity of ‘ range and similarity of effects produced — justify the conclusion 
that the standard extract of the present investigation is a true representation 
in essentials of the active principle of the fungus.- It is proposed, therefore, 
on the basis of these results, to put forward the following as a working 
hypothesis— ///(!/ all the macerating and lethal effects of the fungns can be 
explained on the basis of the properties of the standard fungal extract. 

^ Iq the case of the leaf of fVr/ti Faf-a, it w.-vt? found that the discs, when injected and submerged 
in a quantity of fungal exiraci, did not show the characteristic blackening produced by the fungus 
Itself, but remaine«t for a considerable time quite green, fading later into yellow. There was no 
doubt as to the discs being killed, for within a few hours from the coinmcncemeni of the experiment 
they became quite limp and rotten, and the cells were no longer capable of pla.miolysis Moreover, 

110 blackening effect appeared if these discs were subsequently placed ia chiyroform vapour. It was 
by reason of iliis discrepancy that the hypodermic syringe method was first resorted to, when it was 
found that leaves injected with extract according to this ine'.liod gave the normal blackening. The 
explanaiifin of thc.se appearances is fairly simple. The black pigment is formed as the result of an 
oxidase reaction, in which the source of oxygen is the free oxygen of the atmosphere. The latter is 
available in the case where the leaf is injected by means of the hypodermic syringe ; not so when it 
is injected and immersed in some depth of liquid. In the latter case, at the time and place of 
killing, one of the factors e.ssenlial for the development of the black colour is to a large extent 
wanting ; ilie two remaining factors concerned ^eniyme and oxi'Utable substance) diffuse out into the 
liquid, where they giadually meet the .atmospheric oxygen, so that a development of the black 
pigment lakes place slowly in the liquid. This last had, in fact, been noticed long before the 
•ilparcnl discreparrcy was understood. 

* In Smith’s ex|»erimcnts, treatment of lettuce leaf with ox.Tlic acid j'roduced a bleaching effect, 

111 contrast with the browning effect prmluced by the fiingus and fungal extract. These results have 
been confirmed, and in the opinion of the present writer this disparity in post-mortem effects con- 
stitutes a strong objection to the view that oxalic acid is the toxic principle of the fungal extract and 
<'f the fungus. 
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(b) Detailed Account of certain Cases. 

As has been stated, the action of the fungal extract on a tissue is 
of two kinds, a macerating and a lethal. The following account refers 
to an examination of the course of the action which was carried out with 
the object of establishing the time relationships of the two manifestations.' 
The criterion of maceration was as usual diminution of coherence. The 
criterion of lethal activity was the failure of hypertonic solutions to cause 
plasmolysis. 

It will be noted that of the two phenomena to be studied, the one 
entails microscopic, the other (in the main) macroscopic observation. 
In order to make correlation possible it is obvious that homogeneity 
of tissue is all-important. We are thus limited to fleshy parenchymatous 
tissue. Even here the ideal tissue is not obtainable. Thus in turnip tissue 
homogeneity is disturbed by the presence of small vascular bundles, the 
small cells in the neighbourhood of which are more slowly acted upon than 
the larger cells of the ground-mass. In other cases — e. g. in the stem (pith) 
of Senccio articulata—thtn is a gradation from the large, more sensitive 
cells in the centre to smaller, more slowly reacting cells toward.s the 
periphery. The difficulty, however, is not so great as might appear. The 
coherence of a disc of any particular tissue is no greater than that oi 
its weakest part, and toe have accordingly to compare the progress of the 
macerating action, as shown by the loss of coherence, with the plasmolytk 
features of the more sensitive portions. Thus in turnip tissue we correlate 
the condition with respect to coherence with the condition as regard.s 
plasmolysis of the large cells of the ground-mass ; and similarly for the case 
of the large central cells of the pith of Senccio articulata. 

The tissues which have been found useful in this connexion arc as 
follows : 

Turnip [white ) : nearly full grown ; must not be old and vacuolated ; discs cut 
from an axial cylinder in the neighbourhood of the centre. 

Swede ; possesses the great advantage that uniform discs of -5- mm. thickness can 
be cut. 

Cucumber ■. discs from axial cylinder in the region of the basal contracted 
portion. 

' Vac Hall ( 1 . c., p. 1 35), from microscopic examination of the tissue lying between the sound 
and the decomposed tissue, states ‘ that it is sometimes possible to observe one or two layers of 
tissue, the cells of which still hang together, although, as can be seen from their contracted proio- 
plasts, they are already dead'. From this he eoncladed that the cells are first killed and then 
isolated from each other. 

* The potato, which has proved of great value in this investigation, is useless for the present 
purpose on account of the large amonnt of solid cell contents pteseot, which makes a plasmolytic 
study impracticable. 
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Sentcio {Kleima) artieulala-. Transverse sections of stem, the sides being cut 
away so that the sections take the form of narrow strips including the central tissue 
of the stem. 

Coiykdon rosacea : Transverse sections of leaf, prepared in the same way as the 
immediately preceding. 

In all cases the tissue discs or strips were prepared according to 
the method for quantitative experiment ; previous to use they were injected 
with water. 

The following account of an experiment with transverse axial strips of 
pith of Senecio articulata will serve to illustrate the sequence of phenomena 
observed : 

Strips placed in standard extract at 4.5 p.m. 4,20, strips coherent ; 
ditto at 4.25 and 4.30. 4.35, coherence gone. 

A strip at this stage is placed for three minutes in a 5 per cent, 
solution of KNO3 in which a little cosin is dissolved ; then washed in 
5 per cent, solution of KNO3. On microscopic examination, this strip 
shows as many fully plasmolysed cells in the central region as a strip which 
has not been exposed to the action of the extract. The cells of the strip 
e.xposcd to the extract only differ in appearance from those of the latter 
inasmuch as the cell-walls do not appear so well defined and are more 
transparent. There is no marked swelling of the walls. - 

If a strip which has been treated with extract be pulled apart at 
this stage, it shows a characteristic appearance along the line of separation. 
Separation follows the line of the cell-walls, the cells on either side being 
left intact. When, on the other hand, a strip of tissue which has not been 
treated with extract is pulled apart at the centre, the line of separation 
passes as often as not across the cells so that the tissue at the margin 
possesses a ragged appearance. This phenomenon is taken as indicative of 
the action of the extract upon the middle lamella, and it shows that 
the latter is in an advanced state of solution at a time when the cells 
are .still alive and when the remaining portions of the cell-wall still possess 
their mechanical properties. 

4.30 — a strip on plasmolysis still shows a large proportion of live cells 
in the central region, quite close up to the line where the strip separates on 
being pulled. The ti.ssue is now veryf difficult to handle without producing 
damage. Thus when a cover-glass is laid on a portion of the central tissue, 
the latter becomes a disorganized mush. The collapsed cell-walls of this 
mu.sh show a flaky or layered appearance, indicating solution of certain cell- 
wall constituents, a process which results in the cell-wall losing its mechanical 
properties. 

3.5 and 5.20 — a fair proportion of central cells still plasmolysable. 

5.30 — central region now shows only occasional living cells, the proto- 
plasts of which arc reduced by plasmolysis to very small globules ; the 
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tissue is now to a large extent a mush even without the disturbance 
incidental to the addition of a cover-glass. 

Thus in the present case, while the tissue coherence becomes reduced to 
a negligible quantity in thirty minutes, the cells themselves in the most 
sensitive region are all alive at this stage, and a certain proportion are still 
alive after seventy-five minutes. 

The following represents a summary of similar experiments in this 
connexion : 

Turnip {tnhile) discs : coherence gone in 15'; considerable proportion of plasmo- 
lysable cells after 20' ; this proportion much reduced after 30^ 

Cucumber discs (weak extract employed) : coherence gone in 25' ; large propor- 
tion of plasmolysable cells after 45' ; this proportion much reduced after 60' ; only an 
occasional plasmolysable cell after 90'. 

Turnip [white) discs (weakened extract) ; coherence gone in 90' ; proportion of 
plasmolysable cells undiminished after 120'; proportion distinctly decreased after 
t35'’i but a fair percentage of plasmolysable cells still remains after 150'. 

Turnip [Swede) discs of ^ mm. thickness (weakened extract) : coherence gone in 
40' ; proportion of plasmolysable cells undiminished at this stage, also at 50' and 
55'; slight reduction after 60', but still considerable proportion of live cells after )o'; 
number of plasmolysable cells small after 90'. 

As comparable with the preceding may be cited certain experiments 
with the staminal hairs of Tradescaniia virginica. These are rapidly 
disintegrated by the fungal extract, so that after a time it is easy by gentle 
shaking to cause them to break up into their individual cells ; if treated at 
this stage with 5 per cent. KNO^the cells are found to be almost universally 
plasmolysable. 

On the other hand, cases were found where this time separation of 
macerating and lethal effects could not be effected. This was the case with 
sections from the fleshy leaf of Cotyledon arborea, and also to a less extent 
with sections from old white Turnip. Here it was found that at the stage 
where coherence was lost considerable disintegration of the cell-walls could 
be demonstrated and a large proportion of the cells were no longer plasmo- 
lysablc. 

Summing up, the action of the extract on living tissue is as follows : 

The first noticeable change is the solution of the middle lamella, 
so that the tissue loses its coherence. At the stage which is termed 
‘ coherence gone ’, this action has progressed so far that the middle lamella 
has lost its mechanical properties as a solid layer ‘ cementing ’ the cells of the 
tissue together. As a consequence the tissue readily falls apart along the 
line of the middle lamella. At this stage, however, the remaining layers of 
the cell-wall possess in some degree their original mechanical properties, and 
the cells themselves are quite alive. Very soon the remainder of the cell- 
wall is disintegrated, breaking down into what appear to be flakes or 
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and the whole structure becomes very fragile. This feature 
becomes more and more pronounced, and in course of time the tissue falls 
into a ‘mush’. In no case has complete solution of the cell-wall been 
,5en. Death of the cells takes place some time after fragmentation of 
the cell-walls is definitely established; the latter process, in the majority 
of cases examined, is not in evidence at a time when the tissue has lost all 
coherence as a result of the solution of the middle lamella. 


F. Examination of certain Physical Relationship.s of 
Extract. 


This investigation was undertaken in the first instance with the object 
of trying to effect a separation between the ‘ macerating ' and ‘ lethal ’ 
principles of the extract. As the research proceeded it was, however, found 
expedient to develop it on broader lines. This examination in certain 
parts is not yet completed. 

Rdalion to Heating. 

The activity of the extract, both as regards macerating am! lethal effects, 
is totally destroyed by a sufficient degree of heating. 

Below 55° C. deactivation is comparatively slow ; above this temperature 
it becomes very rapid, and at 65° it is as near as may be instantaneous. To 
study the effect of heating between the limits of 50° and bf, the following 
method of heating was adopted by way of standard ; 

A small tube containing 2 c.c. of extract was dipped into a beaker of 
water which was kept at a temperature 5° higher than the temperature 
desired. A thermometer served the double purpose of stirring the contents 
of the tube and recording the rise of temperature. The tube containing the 
extract was taken out immediately the required temperature was reached. 
This heating process, for temperatures between 50° and 65°, occupies 
approximately half a minute. 

The following table shows the rapid nature of heat deactivation when 
a temperature of about 55’ is reached. The heating process was carried out 
in each case as described above. 

‘ Macerating actinty ’ = reciprocal of lime requireU to cause loss of coherence, that of nnheated 
extract being Utken as Biiily. 


Extracts tested o/i Turnip Discs. 


Trtaimtnt. 


Heated to •to'’ 


5^' • 

(>o“ 


.Ifiucrad/if 

Oitr-if)’. 


i5 
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At and below 50° deactivation is relatively slow, as is shown by the 
following figures : 


Treat, Mnt. MaeercUing 

tLtitviiy. 

Heated at for 15 min ^ 

» 6°” .. 45m>"- A 

„ 45 I. ■ how 4 

„ 40'^ „ I hour § 

„ „ I hour I 


In all of the above cases where deactivation of the macerating principle 
was partial, it was seen that no separation of macerating and lethil 
principles had been effected. The lethal effect was tested in the case of 
the stronger solutions by injections into bean leaves ; the weaker (much 
deactivated) extracts were tested as to their killing action on the more 
sensitive petals of Gloxinia. In all such cases a lethal action coulti be 
demonstrated. With extracts which had been completely deactivated in 
respect of their macerating action by heating to 65°, the lethal action was 
also completely stopped. This point is illustrated by the following ex- 
periment : 

Two discs of Crocus petal were injected under the air-pump, the one in 
unheated extract, the other in extract which had been heated to 65°. Both 
extracts had been previously cooled to nearly 0° C., and throughout the 
experiment were kept in an ice chest. The disc injected with unbeated 
extract was completely disorganized in an hour; that in the other wa.s 
alive and apparently unaltered after five days, at which time, as bacteria 
were now beginning to appear in numbers, the experiment was discontinued. 

Throughout this work, extract which has been heated in the manner 
described to 65° has been used as the standard control. 

It is noticeable that heat deactivation causes a certain amount of 
coagulation in the extract, which is seen to become more opalescent. This, 
however, has nothing to do with the phenomenon of deactivation, as the 
extract when purified in certain ways shows the same sensitiveness to 
heating, but without exhibiting any coagulation. 

Relation to Mechanical Shaking. 

The extract may be deactivated by mechanical agitation — e. g. by 
bubbling air through it or by shaking in a closed vessel. As it is proposed 
to publish the results of this investigation separately, no detailed descrip- 
tion will be attempted here. The following figures illustrate the magnitude 
of the effect ; 

(Agitation produced by a stream of bubbles.) 

Activity of extract maintained (but not shaken) at 35° for i hr. =1. 

„ „ „ shaken at 35° for I hr. =|. 

„ „ „ shakenat35‘’ for^hr.=^. 
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As in the case of heat deactivation, it was found that no separation of 
macerating and lethal actions could be effected hy this means. 

Relation to Diffusion and Dialysis. 

The experiments on this subject arc not yet completed, and it is 
therefore proposed to give certain results only in risumi. 

Comparative diffusions were carried out by means of a series of graded 
gelatine (5, 10, 15, 20 per cent.) membranes prepared after the method of 
Bechhold, From these experiments it appeared that the macerating 
principle possessed a coefficient of diffusion comparable with that of dextrin 
and greater than that of diastase. It is thus a colloid of intermediate type. 
Again, all the fungal extracts which have been purified by diffusion through 
gelatine membranes showed a normal lethal activity, and though it has not 
been possible as yet to perfect the experiments in this connexion, there is 
a strong presumption that if the diffusate possesses any macerating activity, 
it possesses likewise lethal activity— in other words, if there are two 
principles concerned, the diffusive capacity of the lethal principle is not less 
than that of the macerating one. 

A complete dialysis of the macerating principle was effected by the use 
of a certain type of collodion thimble. In this case it was found that the 
macerating principle could be completely held back. On testing the 
dialysate, after removal by means of the air-pump of the volatile antiseptic, 
no trace of a killing action was .shown. Subsequent control experiments 
with the same membranes showed that they were quite permeable to 
cry.stalloids such as cane sugar, ammonium oxalate, &c. 

By this dialysis method a very convincing proof was obtained that 
soluble oxalates do not play any part whatever in the lethal activities of the 
extract. The dialysate from the collodion thimbles gave a precipitate with 
potassium oxalate .solution, thus showing the presence of a substance 
(presumably a calcium salt) which precipitated oxalates. Control experi- 
ments showed that this substance was not derived from the membrane 
itself. It was accordingly^ present in solution in the continuous phase of the 
colloidal extract, so that the simultaneous presence of a soluble oxalate was 
quite excluded.’ 

’ This dialysis exyerinient w.i5 in one case oiniol out with the following precautions: The 
collodion membranes were never .allowed at any time to come into contact with tap-water. The 
Striniiiatcd spores were subjecle‘i to prolongctl wasbin}^ in (iislilled water and dried in fjthi’ over 
sulphuric acid. The dried m-itcrial was ground without sand, a control exj'eriment having shown 
llial no calcinm was derivable from the mortar. \Yilh extract from this material it was also fornd 
tbt calcium could be dcmonslraled in the dialysate. Since these precautions for excluding 
i^onlaminaiion with traces of calcium were not usually adopted, it U safe to assume that the presence 
''fa soluble calcium salt can be predicated of all the extracts that have at ditTerent times been 
«mplpyed. Whether the calcium salt is derived from the contents of the fungus cells or is strongly 
absorbed on the walls from the liquid in which germination took place, it is impossible to say. 
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It appears, therefore, that by none of the methods above described was 
it possible in any way to obtain any separation of the macerating and lethal 
actions of the extract. 

G. Relation of Activity of Extract to certain 
Chemical Substances, 

Acidity of Extract. 

The standard extract shows a weak acid reaction. With any of the 
usual indicators, the neutral point is not sharply defined, so that the acidity 

can only be measured approximately. With phenolphthalein, -I!— was es 

loo 

tablished as upper limit of acidity ; with neutral red the acidity was given as 

to During the process of neutralizing the latter indicator changes 

continuously from red to yellow. This would indicate that the acids 
present are of a very weak or of a polybasic nature. 


Effect of varying t/ic Acidity on the Activity of the Extract. 

(i) Diminution of Acidity. As the acidity of the extract is diminished, 
the activity remains unaltered up to a certain point, when it falls sharply to 
zero. In alkaline solution the extract has no activity. The following table 
will serve to illustrate the sharp effect produced on neutralization of the 
extract : 

Indicator tn each ca'« = i drop of ^ per cent. Solution of Neutral Red. 

20 drops of Alkali solution « i c.c. 







Tinit tB 

A’o. 


Extreut. 

ItuiualOK 

Aiiilify. 

deioinpCH 
turnip diii. 

1. 

5 c.c. Ext. + 6 drops water 

re<l 

n 

200 

iS min, 

2. 

5 c.c. Ext. + 4 

JV 

,, „ + 2 drops - - NaOH 

grading 

JOOO 

iS min. 

3. 

5 c.c. Ext. + 3 


continuously 

in 

1000 

20 mill. 

4 - 

5 c.c. Ext. + 2 

» +4 1, 

into 

n 

1000 

35 rain. 

5 - 

5 c.c. Ext. + I 

» +5 » 

(clear, permanent 

0 

IDO min- 

6. 

5 c.c. Ext. + 0 

n >» >1 »> 

( yellow 

— ■ alk. 
1000 

> 20 hr?. 


In the case of (G) the disc remained coherent and quite alive 
(i.e. turgid) after 20 hours. In the remainder, death of the cells followed in 
the usual way. This shows that the lethal principle of the extract reacts as 



grown. — Studies in the Physiology of Parasitism. I. 339 

larply and at the same point to the addition of alkali as does the macerating 
rinciple-' 

When the concentration of alkali is further increased, a macerating 
■tion again sets in. Control experiments show that this is due to the 
Idli itself. With potato tissue a macerating action sets in when the 

ft . , 

)ncentration of alkali approaches the value ~ : with tissue of white 
ti 

urnip a concentration of alkali can be seen to produce a slow macerating 

feet. It is noteworthy that maceration by dilute alkali is also accom- 
fflied by death of the cells. 

The active principle is inhibited but not destroyed by the alkali. On 
Jding an appropriate amount of acid, the activity of the extract is 
stored, that is, apart from the retarding action of the salt thereby 
reduced. 

(ii) Imnasc of Acidity. In this connexion the following acids have 
:en tested— eftw, matk, tartaric, sulphuric, and hydrochloric. In the case 
' the two mineral acids and of the dilute concentrations of the organic 
:ids, the required concentration of acid in the extract was obtained by 
Idiitg a measured quantity (in drops) from a strong solution of appropriate 
rength. The slight degree of dilution of the principle of the extract which 
thereby produced is known to be of no importance. The higher con- 
intrations of the organic acids were obtained by evaporating solutions of 
le strength desired to dryness on the water bath, and making up to the 
iginal volume with standard extract. 

In all cases the action of the acid on the activity of the extract is one 
retardation. The retarding effect in relation to normality is approxi- 

ately equal for all the acids up to a certain point to ^ ; above this 

lint the retarding action for the mineral acids increases very much more 
.pidly than that of the organic acid.<. In the case of the mineral acids, 
.e macerating action of the acid appears at a fairly low concentration, 
I that above this point the action of the acid extract is not distinguishable 
ora that of the acid itself. In the ca.se of the organic acids macerating 
fects due to the acid appear at a much greater concentration, so that the 
tarding action of the acid upon the e.xtract can be studied over a 
imparatively wider range. 


* As the colour reactioo is not sharp, it may well be that (6) represents the neutral point more 
neiy than does (5). Furthermore, there is an escape of acid juice from the turnip disc, so that 
t acidity of the extract varies with time, especially in the neighbourhood of the neutral point, 
■us the activity assigned to extract (5' in the preceding table is probably too high, or, more ex.vctly, 

■ activity of that extract increases with the gain in acidity due to the escajve of acid s,ap from the 
vip disc. It is therefore impossible to say whether the activity of the extract disappears when 

■ ticutral point is reached or whether deactivation is completed when the solution reacts alkaline. 
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The following tables illustrate the above statements : 

(a) In dilute concentrations (up to there is considerable agree 

ment among the acids employed: the retarding effect of each increase 
gradually with the concentration. The figures represent the time ' 
minutes required to produce loss of coherence in potato discs. 


AeiiK 

n 

n 

n 

n 

K 

« 


00 

1024 



I2S 

64 

Citric 

20-25 

20-25 

>5 

30-3.5 

35 

35-40 

Malic 

20-25 

20-25 

n 

25-30 

35 

35-40 

Tartaric 

20-25 

20-25 

2 .S 

30-35 

35 

35-40 

Sulphuric 

20-25 

20-25 

25 

30-35 

3.5-40 

40 

Hydrochloric 

20-25 

20-25 

25-30 

30-35 

35-40 

40 


If) In the case of sulphuric and hydrochloric acids, the retardin 

action increases very rapidly above a concentration of about — 

3 * 

And. ” L” " 'L 'L ” ’• 

eo 128 128 128 52 17 12 9 *7 6 ■ 

HjSOj 20-22 30-35 35 35 90-105 0 0 ++ + 


0 These discs and those of the acid controls do not lose coherence within 24 hours. 

+ These discs lose coherence, the more rapidly the higher the concentration of acid; 6(51: 
effects are shown by the acid controls. 


Hydrochloric acid shows very similar effects : thus a concentration 
H 

— stops the macerating action of the extract. 

(c) The retarding action of the organic acids above the concentratk 


— is much less than that of the mineral acids : 

32 


Add. 

n 

« 

n 

n 

n 

2« 

in 

il' 

OO 

160 

40 

10 

s' 

's' 

5 

5 

Citric 

20 

30 

40-45 

40-45 

45 

75-90 

120-135 

210 

Malic 

20 

30 

40-45 

40-45 

45 

75 

90-105 

i 35-»50 

'I’artaric 

20 

35 

40-45 

40-45 

45 

135 - >50 

> i8< 30 hrs. 

© 


0 Discs do not lose coherence in 3 days. 

In all these acids the retarding action is approximately equal ai 
is not considerable, up to «/5 ; above this concentration it increases me 
rapidly. The specific retarding action is least in malic and greatest 
tartaric acid. 


Effect of Salts and other Substances on the Activity of the E.rtract 
Salts. Here, as in the case of acids, the action is one ofretardatit 
The variation of the retarding effect with concentration was followed 
detail in the case of potassium nitrate. The magnitude of the rctardi 
effect will appear from the following figures, potato discs being employed 



m 

m 

m 

m 

m 

m 

m 

m 

m 

VI 


00 


2^ 

12K 

64 

32 

ih 

8 

4 

2 

(r) 

15 

15 

15 

15 + 

*5 

40 

75 

180 

3J-4 hrs. 

10-20 

(>) 

15 

J 5 

*5 

^ 5 + 

30 

45 

90 


— 
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The amount of agreement obtained in experiments of this sort may be 
jged from comparison of the results of the two experiments tabulated 
A similar investigation with respect to KCl gave retarding effects 
Jievvhat less than those of KNO3. 

A detailed investigation of a variety of salts was not attempted, 
certain number were, however, tested in this respect in order to see 
the effects were in any way general ; and in particular a salt of calcium 
IS included in the list with a view to determining if it exerts any special 
lion upon the extract, seeing that calcium is known to be a constituent of 
c middle lamella. The figures are given in the table below. In the case 
each salt solution employed, it was previously ascertained that it showed 
neutral reaction (this precaution must be particularly exercised with 
lutions of calcium chloride, which are liable to contain free alkali). 


Time for Standard Extract =1 17-20'. 


Salt. 

m 

m 

~ and - 


64 


4 i 

NaCl 


'^5 

X 

KCl 

20 + 

70 

X 

NlI.Cl 

20 + 


X 

Xa-Ac 

;o 

90 

X 

KyOX 

50 

X 

X 


40 

90 



70 

•15 

X 


X 

X 

X 

CaCl, 

50 

X 

X 


X Cyherent after 3 hours ; devoid of coherence after 20 hours. 

A subsidiary experiment with the last three salts showed that in 
case were the retarding effects due to alteration of the tissue by the salts 

ployed. 

As expected, different salts show marked variation in their retarding 
ions. It is not proposed to draw any general conclusions from the above 
ures, as it has not been thought fit for the present to pursue this subject 
ensivcly. It appears, however, that no special action is to be ascribed to 
- calcium salt in this connexion. .Also, the strong retarding effect of the 
gnesium sulphate is noteworthy. 

Of other crystaltoidat neutral substances, only two have been investi- 
cd— saccharose and glucose. No definite retarding effect has been 
nonstrated in the case of these. 


Time for Original Extract = 30'. 



6; 

i6 

4 

KNO, 

bh 

150 

10 hrs. 

Saccharose 

30 

30 


Glucose 

30 

30 

30-35 
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While it would appear that the retarding action of a chemical subst 
is related to its capacity of ionization, it is still quite possible that some * 
ionizable substances may exert a specific retarding or even an 
upon the principle of the fungal extract. In this connexion one maysj„ 
gest such substances as tannins, alkaloids, latex constituents, &c. ij 
investigation of immunity from the biochemical side, experiment alon 
these lines might prove to be of value. As, however, the specializatiol 
in relation to host is very slight in the case of the fungus under con 
sideration, such a detailed investigation has not been attempted in th 
present case. 

Traces of aicohol, chloroform, acetone, and formaldehyde do not, as h 
as can be seen, have any appreciable effect upon the macerating actio 
of the extract. 

Colloidal substances might be expected to influence the activity of tii 
extract by disturbing the adsorptive equilibrium within the liquid. In th: 
connexion only one colloid has been tested — viz. starch. The investigatio 
of this point arose incidentally in the examination of the effects of dilutio 
on the activity of the extract. An account of these experiments ma 
conveniently be given here. 

Three diluents were used; (i) water, (a) ^ per cent, starch solutioi 
(3) extract deactivated by heating to 65°. The figures in the table 'opte 
sent the times required to produce loss of coherence in potato discs, 


Conuntrathn. 

U'ater. 

Dihant. 

J % Stank Solntion. 

DmtivaUd E.rtrait. 

I 

20 

;o 

i<2 

i 

n 

^6 

25 

I 

4 

40 

40 

35 

* 

65 


45 


From this it appears that the starch has no measurable effect in t! 
concentration employed. The greater activity of the extract diluti 
according to the third method is somewhat interesting. It would appe 
to be connected with the maintenance of the original acidity, the aciditi 
of the extracts diluted with water or with starch solution being reduo 
very nearly to zero. (See p. 33H, on effect of reduction of acidilj’ ( 
activity.) 

From the fourth column of the above table we see that the activity 
the extract is proportional to the square root of the concentration of acti 
principle. In the neighbourhood of the full strength of the extra 
(i, e. with ‘standard’ extract) there is considerable divergence from ti 
law. Here the decrease in activity on dilution is less than required by t 
law, or conversely the gain in activity with increase of concentration becoiii 
negligible after a certain concentration is reached. This is in agreemc 
with what was mentioned in dealing with the technique of extraction, wlie 
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it was stated that extracts of greater concentration than the standard 
did not appear to possess any increased activity. This asymptotic effect 
suggests that some other limiting factor comes into play when the higher 
concentrations are reached. Such a factor may be the rate of diffusion 
of the active principle into the tissue of the discs experimented with. The 
above con.siderations also show how it is that in certain cases a better com- 
parison of the strengths of two extracts may be obtained by using the 
diluted in place of the extracts of full strength. 

Injiucnce of Plant Jukes on Activity of Extract. 

That plant juices retard the action of the fungal extract was known at 
an early stage of this investigation, and in fact this knowledge formed the 
starting-point of the experiments which have just been described. A series 
of experiments was now carried out to see if there is much difference among 
various plant juices in respect of the effect they produce upon the fungal 
c,xtract ; and more particularly, to see if any parallelism could be traced 
between the specific retarding effect of the plant extract and the relative 
immunity of the plant itself to the action of the fungus or of the fungal ex- 
tract. It was known that a high degree of resistance to the action of the 
extract was sliown by tissues of mosses and hepatics ; and it was therefore 
of considerable interest to determine if this want of activity of the fungal 
extract was due to its deactivation by some specific anti-body capable 
of extraction from tire resistant tissue. 

The plant juices were prepared without dilution by squeezing through 
unsized filter cloth under high pressure. The crude turbid juice was cleared 
as far as possible by centrifuging before being used. Tire following table 
gives the figures obtained. 

By ‘concentration is meant that in each ic.c. of the liquid to 
which the figure refers there were c.c. of plant juice and c.c. of fungal 
extract ; and so on. 

Column A = e.xtract m.ade by suspending 0-2 gr. Botrytis powder 
in 5 c.c. plant juice. 
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1 
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1 
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1 
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3 
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The acidity is only given in a few cases ; in the majority of pla^j 
juices it cannot be measured by a process of neutralizing on account of the 
formation of precipitates, and the presence of colour, opalescence, Sec, 

The above figures can only be interpreted in a very general way 
When the plant juice forms a clear solution we must attribute its action on 
the fungal extract to the chemical substances contained in it. The hioh 
degree of retardation produced by the higher concentrations of lemon juice 
is obviously referable to its high acidity (cf. action of citric acid) ; in thj 
others we must look upon the effect as being due to the combined action of 
acids, salts (probably including esters), &c. Where the plant juices are 
turbid, it is only possible with the data yet to hand to speculate as to 
the interpretation. Here the fine debris present may disturb the equilibrium 
of the colloidal enzyme in the solution, and may therefore be expected to 
increase the retarding effect of the plant juice. 

The results with bean juice were very surprising in view of the great 
susceptibility of that plant, so it was necessary to examine this case in more 
detail. The expressed sap of bean leaf forms a deep green liquid, higUy 
turbid. A portion of this turbidity can be removed by high-speed centri- 
fuging, as also by passing through filter-paper. After the centrifuged liquid has 
stood for a short time (an hour) a further sediment can again be obtained by 
centrifuging, and so on. The crude juice can be driven through a Charabtr. 
land filter, and comes through free of turbidity. Soon, however, it is found 
that centrifuging causes a sediment in the filtered liquid. This process of 
precipitate formation is no doubt partly one of agglutination ; it is also due 
in part to the oxidase action which takes place at the free surface, and which 
results in the formation of a black precipitate. In the crude juice, therefore, 
there is present a copious turbidity which cannot be got rid of by simple 
filtering. When the juice is boiled a very large precipitate is thrown down, 
and the juice now remains permanently clear. This boiled juice has a much 
smaller retarding effect than the crude juice. 

Apart from the retarding action of substances contained in the bean 
extract upon the fungal extract, the former induces a marked change upon 
the potato discs themselves. This phenomenon has already been alluded 
to (p. 326, foot-note), but the present constitutes a much more striking 
manifestation. Discs of potato which have been kept for some time in bean 
juice possess diminished .sensitiveness to the action of the fungal extract. 
Thus in one case a potato disc which had been kept for twenty-four 
hours in bean extract was found to be apparently unaffected by freshly 
prepared Botrytis extract after a two days’ action, while a similar disc 
which had been kept for twenty-four hours in water was completely 
disintegrated by the same extract in sixty minutes. This ‘hardening 
effect is much greater in the case of the expressed sap of the leaves Ilian in 
that of the stem; it is also more marked with potato than with turnip 
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discs. What the explanation of this phenomenon is it is at present 
impossible to say. 

As participating in the abnormal retarding effect of bean juice upon the 
fungal extract, we have therefore to consider at least three factors : 

I, The retarding action (properly so called) of chemical substances 
present in the bean juice. 

j. The effect of the precipitate present. 

3. The ‘hardening’ effect of the bean juice upon the potato tissue 
employed. 

In comparing the experiments in vitro with what happens when the 
fungus invades the bean plant, it is to be noted that factors s and 3, 
ivhich play a considerable part in the former, may not, and probably do not, 
have their counterpart in the latter. 

The experiments above tabulated are very clear on one point — that the 
expressed sap of Fegatella has no special inhibitory action, but behaves in 
a manner quite comparable with the sap of potato, cucumber, &c. The 
marked resistance of the tissue of hepatics to the action of the fungal 
extract and to the fungus itself is not to be ascribed in any way to any 
specific anti-properties of the cell-sap. 

H. Discussion of the N.tTuitE of the ‘Leth.vl Principle’, 

It h.t3 been shown in the foregoing that the macerating action of the 
fungal extract can be destroyed in various ways : by heat, by mechanical 
agitation, and by ncutraliaation with alkali. The extracts so deactivated 
possess no lethal activity whatever. From microscopical investigation it is 
known that death of the cells takes place at a late stage in the process of 
disintegration of the cell-walls. The latter process is therefore the deter- 
mining factor of the whole action. This dependence of lethal upon 
macerating activity may be explained in either of the two following 
ways : ’ 

1. That both actions are due to the same substance or group of 
substances. 

I. That the two actions are due to diti'erent substances, but the lethal 
substance is unable to reach the protoplast until the permeability of the 
cell-wall has been sufficiently increased by the action of the macerating 
substance. 

In the absence of an exact knowledge of the diffusive capacity of the 

' n niiulit be suggested th.lt no toxin exists in the luneal extract, but that it is protineei as a result 
ol the .teliun of the exttaci upon the ccll-tvall. Experiment has shown th.aT a fun,^.xl extraet in which 
a Huantity of wcll-washeil, grated turnip tissue has been digested behaves similarly to standard 
evtract as regaids deactivation by heat and by ncutraliration with alhali. In other words, the 
Indroiysis products of cell-wall subslancc arc noi of l,'xic nature. 
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lethal principle in relation to the wall of the cells of susceptible tissue 
(a knowledge which obviously can be obtained only by indirect means) it is 
impossible to decide with complete certainty between the two hypotheses 
presented. Kevertheless from the following experiment the view that the 
two actions are brought about by the same substance is rendered the more 
probable. 

In Section F it was shown that extracts which had not been completely 
deactivated by heat possc.ssed lethal activity ; and in Section G that both 
actions were stopped sharply when the extract was neutrali^d. If therefore 
the lethal and macerating substances are dififerent, it is improbable that 
heat and percentage of alkali would affect both in the same degree. Killing 
of the cells should thus continue independently of the macerating action 
after a certain stage is reached, that is, when the permeability of the cell- 
wall has been sufficiently increased. Nevertheless it is found that if the 
macerating action is stopped, even at a very late stage, the killing effect is 
strongly retarded.' Such evidence is most readily interpreted according to 
the view that the lethal and macerating substances are identical. 

If we accept the hypothesis that lethal and macerating actions arc due 
to the same substance, death of the cells is to be looked upon either as due 
to the direct action of the macerating substance upon the protoplasmic 
membrane, or as the indirect result of the action upon the cell-wall, ihe 
phenomenon thus depending upon some special relationship between ce.l- 
wall and protoplasm. The former alternative predicates toxicity of the 
macerating .substance ; in the latter ca.se death of the cells follows dis- 
integration of the cell-walls in a manner that is not understood. 

On the nature of the macerating substance little need be said. The 
present investigation bears out the conclusions of earlier workers that it is 
enzymic in nature. !ii the older literature it was known under the general 
name of ‘cytase’; more lately it has been designated ■ pectinase ', from its 


> It is impossible to slop the eetion of the extract by washing the partially 
ia water. The active pr.ncple len.nirrs arlsorbed ot. the tissue, so that discs which hare kea t 
from the active extract even at a comparatively early stage ... the actmn and «sl eu 

water are completely disintegrated in course of rime. I. rs obvious, therefore, that no “ 

be drawn from the behaviour of discs which have been taken from acme extract and 
which has been deactivated by heat. The only practicable rricthod Is to slop the macer.v „ 


by immersion of the discs in very dilute alkali after which they are transferred to a„ vxttsti 

which has been rendered exactly neutral. In experiments with discs of Swede Turnip, 
np to and a little beyond the stage termed < coherence gone . the .above Ireat.ne ^ 

the incidence of death. -As the cell-walls have by th.s ume undergone cons.tie.abk d su 1 , ■ ^ 
they cannot be conceived to be impermeable to the lethal principle present in the neut all 
w:j:c,d therekre expect that discs a. thts adva..«d stage would s ow 
rapidly in the neutialixed as in the oidinary extract. This, however, is not e . . 

in the neutralized extract do show killing after a longer or shorter ^ 

which they were renroved from .be active extract) rs not surprising It ,s prob.able ha t a 
amount of action on the protoplasmic membrane had already taken place whon the 
transferred to the neutralized extract. 
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pronounced action on the pectin constituents of the cell-wall, and more 
especially on the so-called calcium pcctate of the middle lamella. 

Whichever hypothesis be accepted as explaining the lethal action of 
the fungal extract, it is clear in any case that the chemical nature of the 
cell-wall is of fundamental importance in relation to the action of the 
funnal extract upon the cell. In all cases it has been found that if the cell- 
wall is disintegrated death of the cell ensues ; if the cell-wall is not affected 
neither are the living contents of the cell. In other words, the nature of the 
cell-wall affords the key to the resistance of the particular tissue to the 
action of the fungal extract and therefore also of the fungus. In particular, 
certain experiment.s lead to the conclusion that there are important 
chemical differences between the cell-walls of higher plants and those of 
lower forms such as Hcpaticae. These considerations point to the desirability 
of a more complete study of the hemicellulose (or pectin ?) scries of cell-wall 
constituents than has yet been attempted. 

This investigation was undertaken at the suggestion of Professor V. H. 
Blackman, and has been prosecuted throughout under his guidance. It is 
with great plea.sure that I take this opportunity of recording my indebted- 
ness to him for many helpful suggestions and for his continued interest. 

I. Sl'MM.XKY. 

I, A method of preparing a very powerful extract from the germ tubes 
0^ Botrytis ciuerea is described (Sections C and E,n). 

1. The action of the extract on plant tissue is twofold ; 

(n) Action on the cell-wall, leading to disintegration of the tissue. 
(b) Action on the protoplast, luoducing death (Section E, b), 

3. From microscopical investigation, death of the cells is seen to take 
place at a late phase of the process of disorganization of the cell-wall 
(Section E, h). 

4. I'he extract may be deactivated by heating, by mechanical agitation, 
and by neutralization with alkali. Deactivation by any method leads also 
to the loss of the lethal power of the extract (Sections F and G). 

5. Neither oxalic acid nor oxalates play any part in tlic toxicity of the 
extract. If any special lethal substance is present it must be of colloidal 
nature (Section F). 

6. The only active .substance in the extract appeals to be the enz)-me, 
which produces a macerating action mainly by solution of the middle 
lamella. The enzyme appears also to be responsible lor the lethal action 
of the extract, the death of the cells being brought about cither by direct 
action of the enzyme on the protoplastic membrane, or inoiroctly as a result 
of the action upon the cell-walls (Section H|, 

7- The ability of certain tissues to resist the action of tire e.xtract is 
dependent upon the special properties of their cell-walls (Sections E and G), 

A a J 
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Studies in Permeability. 

I. The Exosmosis of Electrolytes as a Criterion of 
Antagonistic Ion-Action. 

BY 

WALTER STILES 

AXD 

INGVAR J0RGENSEM. 

With fourteea Figures in the Text. 

F or a considerable time now attention has been directed to the subject 
of antagonistic ion-action in the absorption of substances by plants, 
and a number of workers have employed different methods for the investiga- 
tion of the question. Yet it becomes manifest, on reviewing the literature 
of the subject f24), that the methods employed are generally long and 
laborious, while the accuracy or general character of the results obtained is 
open to much criticism. This is especially true of the most favoured group 
of methods where the use of water-cultures is involved. The notorious 
variability of plants growing in water-cultures, which necessitates the deter- 
mination of the degree of accuracy of the re.sults of the experiments (22), 
has never been taken into account in these researches, and so the correctness 
of the results is often very doubtful. The most interesting contribution to 
the subject from a theoretical point of view is that of Sziics (25), but his 
method, dependent upon the geotropic reaction of the seedling root and 
hypocotyl, although ingenious, is very laborious, and, as his results show, is 
not open to any great accuracy unless so many plants are under observation 
that the experiments become more laborious still. 

Osterhout, in introducing a method from physical chemistry in the use 
of electrical conductivity properties of plant tissue (15), made the method of 
attack easier. So far, however, the use of physico-chemical methods has 
been very limited, and in consequence very few aspects of the problem have 
been considered, and little analysis of what constitutes antagonism has been 
attempted. 

lAnnalt of Botoay, Vol, XXIX. No. CXV. July, IWS I 
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In this connexion it is of importance to compare the researches on 
antagonism of those workers who have attempted to obtain quantitative 
data. Although qualitatively antagonism is generally regarded as the 
hindrance of the entrance into the plant, or through the plasma membrane 
of one ion by another ion of the same sign, yet when quantitative results 
are attempted it is clear that different workers have been measuring different 
things. Thus Osterhout (18, 19, 20) attempts to measure antagonism 
between two metallic ions by finding what strength of .solution of salts 
of the two metals are equally toxic, and then nii.xing these two solutions 
in various proportions. If then each ion of either metal was as toxic in the 
mixed solution as in the pure solution, it should follow that all such mixed 
solutions would be equally toxic. It is found in certain cases that as 
a matter of fact this is not so, and that the mixed solutions allow of better 
growth than the pure solutions. The increase of growth, as compared with 
the growth in the pure solution, is regarded by Osterhout as a measure oI 
the antagonism, which is greatest for one particular ratio of the antagonizing 
ions, and becomes less as either of the two ions becomes more concentrated 
at the expense of the other. 

On the other hand, Sziics and some other writers have kept the 
quantity of one ion (the poisonous ion) constant, and have added variou? 
quantities of the other (the depoisoning ion). If the latter is much less 
toxic than the former, increase in the depoisoning ion reduces the toxicity 
of the poisonous one. This action is explained by Sziics as due to the 
hindrance of the entrance of one ion owing to the presence of the other. 
Wlien only one ion is present the whole of the absorbing part of the 
plasma membrane is available for its passage, but when another ion is 
present a certain proportion of the absorbing part of the membrane will 
be used by the second ion. Hcncc, if tliis is a relatively harmless ion in 
comparison with the first, the more of the second ion that is present, the 
le.ss of the more harmful ion will go in, so that w ithin limits the more of 
the second ion that is added the greater the depoisoning. Above a ceitain 
concentration, however, the depoisoning ion will itself exert an injurious 
action. 

In this way Sziics explains the antagonistic action of aluminium and. 
copper. Now it will be observed at once that in this way of regarding 
antagonism, no antagonism is to be expected in the mixtures employed by 
Osterhout. The antagonism between copper and aluminium on the one 
hand, and that between ‘nutrient’ metals on the other, seem therefore to 
be different phenomena. 

It thus seems that although Loeb's idea of antagonism w’as a great 
advance, it appears to have produced a mechanical way of regarding as one 
definite phenomenon all the observed ca.scs, whereas it may be due to 
different underlying causes in different instances (cf. Hawkins (6)). 
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For the sake of simplicity wc may consider the system with which 

have to deal, as consisting of the three following phases : 

Exterior I Complex of colloidal I Interior of the cell 
solution I substances (membrane) | (crystalloids + colloids). 

But the system may be much more complex ; for instance, although 
earlier the cell-wall was not supposed to be active in permeability pheno- 
mena, the recent investigations of Hansteen Cranner ( 0 ) suggest that this 
forms an essential part in the mechanism of exchange between the exterior 
and interior of the cell. 

Now the problems of antagonism and absorption in general resolve 
themselves into considerations of the kinetics of this system ; but of the 
condition of equilibrium between any two phases we know very little in any 
single case. 

Osterhout’s method of attacking the problems consists in examining 
tissue of a marine Alga, Laminaria saccharina, in various solutions having 
an electrical conductivity equal to that of sea-water. Ihe conductivity of 
the tissue he regards as a measure of its permeability (17, 21). But the 
quantity which Osterhout calls the conductivity of the tissue, is really 
a complex quantity to which all the three phases mentioned above con- 
tribute. Hdber (7, 8) has pointed out that conductivity, as measured by 
Kohlrauscli's method, gives no true idea of the ion concentration of such 
a system, as the inner phase only contributes to a slight extent to the total 
conductivity. When the conductivity increases in Osterhout’s experiments, 
he considers the increase to be due to the higher penetrating power of the 
ions owing to a change in permeability, but he neglects the necessary effect 
of this, the diffu.sion of electrolytes between the innei and external phases 
of the system.’ Wc have elsewhere (231 pointed out the complex 
character of plant tissue in regard to electrical conductivity, and that 
a change of conductivity may be due to a variety of different causes.^ 

O.steihout’s method, moreover, in its present form, is applicable to so 
very few cases, adapted as it is to marine .Algae only. In the case of higher 
plants difficulty arises on account of morphological structure— in many 
plant organs there are different forms of cells which quite possibly have 
ditfeicin permeability properties. Thus in the stem an increase in con- 
ductivity of the tissue might be due to an increase in concentration of 
electrolytes in the vessels and tracheides, and have nothing to do, at any 
rate directly, with permeability of living cells. Ahso when fairly uniform 

’ Oaerhout lias neecr made clear what he regards as the actual changes taking place in his 
etperimeats, but he seems delinitely to regard as incorrect the view that it is didusicn phenoineim 
vliicli .trc the eausc of his results. 

’ It is interesting to note that systems of this kind have been CKainined by a ditferent method by 
beutiier and Loeb (1, ' 2 , 3, 10, 11, IC) by me-asuring the eleclromolive forces raanii'ested. But even 
Ike lieariiig of this work to oiir subject is still somewhat obscure, it may prove of importance in 
'avestigations of absorption and permeability. 
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tissue is used, as for example, potato tuber, if the tissue is immersed in 
a weak solution exosmosis takes place from the living ceils, and so reduces 
the conductivity of the cell-sap, while in a strong solution we may expect 
absorption. Hence changes in conductivity of living tissue in such a case 
as this would depend very largely on the concentration of the external 
solution. 

Again, where higher plants arc concerned, none of the methods in use 
have to do with the extremely dilute solutions such as one is concerned with 
in the actual soil solution absorbed by higher plants. Osterhout has sug. 
gested that calcium in the soil is useful to the plant in antagonizing the 
harmful effect of other salts (16), but, as he himself points out elsewhere (l i) 
below a certain concentration none of the ordinary ‘ nutrient ’ ion.s are 
poisonous, and in the soil these ions are present in extremely dilute solution 
(Cameron, 4). 

In the present paper an account is given of a contribution to\v,irds 
an analysis of the action of salts on plant cells, in which we deal chiefly 
with the relations between the external solution and the exosmosis of 
electrolytes. 

Wo do not intend to apply the results obtained to any interpretation of 
the functions or the structure of the plasma membrane, but to give an idea 
of the complexity of the problems involved, and to advocate the u.se of the 
methods of physical chemistry. 

In using the methods of physical chemistry, one can get a better idea 
of the kinetics of the actions involved, than in the ordinary methods in 
general use in botanical and agricultural operation.s, and there is more hope 
of getting light shed on the complexity of the processes, but it i.s most 
necessary to beware of as.suniing results mechanically In all ca.ses because 
a line of argument appears correct in one case. Examples of this we shall 
present in the part dealing with the results of experiments. 

Methods. 

We have attempted, in these experiments, to obtain some idea of the 
relations existing between plant tissue and a solution surrounding it. by 
examination of the changes in electrical conductivity of the latter. If 
a substance is absorbed from its solution by plant tissue without producin'; 
any change in the plasma membrane, it is to be expected tliat the electrical 
conductivity of the .solution will be lowered, while if the plasnia-mcmbiane 
is altered by the substance in such a way that its permeability to electro- 
lytes is increased, a more rapid diffusion out from the cells into the .solution 
may be expected, and if the concentration of the external solution is low, 
compared with that of the electrolytes in the cell-sap, the conductivity may 
be expected to rise. 
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The tissue used in these experiments consisted of discs of potato tuber 
[Sohnum tuberosum, var. King Edward VII). Potato was selected as it 
yields a very uniform tissue. Discs were cut having a diameter of a centi- 
metre and a weight of about |grm. Twenty of such discs were washed 
in distilled water, dried on filter-paper, placed in too c.c. of solution in 
a stoppered bottle, and the electrical conductivity of the solution was 
measured from time to time by Kohlrausch’s method. As different sets 
of tissue vary somewhat, the experiments with potato were done in dupli- 
cate ; this gave an approximation to accuracy near enough for our purpose. 

In some cases living plants of bean ( Vicia Faba) were used. They 
were grown in water-culture for some time in order that plants might be 
obtained with uninjured roots. Plants with as equal a root development as 
possible were then selected, and each one placed with its roots immersed in 
100 c.c. of solution, and the conductivity of this measured as before. With 
careful selection of equally developed plants it was found that duplicating 
[he experiments yielded results of sufficient accuracy. The curves which 
follow were plotted from these results, the increase in the electrical con- 
ductivity being taken as ordinates, and the time as abscissae.. 

Tile preliminary measurements were made in the Department of 
Physical Chemistry of this University. We would thank Dr. H. M. Dawson 
for putting at our disposal the resources of his laboratory. 


Experiments. 

Series i. In this series various .substances were used as external 
N 

medium in a concentration of The substances employed comprised 

both undoubted poisonous substances and salts of nutritive metals. The 
following substances were used ; 

Copper sulphate ' Kahlbaum, with certificate of guarantee ’ 
Mercuric chloride ,, ., „ 

Quinine hydrochloride ‘ Kahlbaum ' 

Calcium chloride ' Kahlbaum, with certificate of guarantee' 
Sodium chloride „ „ „ 

Magnesium chloride ,. „ ,, „ 

Potas.sium chloride „ „ 

Aluminium chloride ‘ Kahlbaum 

As the accompanying curves show, in all these cases exosmosis of the 
electrolytes in the cc 11 -sap takes place, as indicated by a very definite rise 
li' the electrical conductivity. This rise is on a much greater scale in the 
ease of undoubted toxic subst.ances, than in the case of salts of nutrient 
uictals. The obvious explanation is that the toxicity of the poisonous 
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metal ions is due to the formation of substances in the plasma membrane 
which have much greater permeability than the original compounds they 
replace, with the result that a much greater rate of exosmosis of electro- 
lytes from the cell takes place. It has to be remembered that what we are 
measuring is the difference between absorption and excretion. It is not 
therefore altogether safe to take the increase in conductivity as a measure 



of diffusion out from the cell, or as a measure of the toxicity of the 
surrounding solution. 

Series 2. In this series the change in the conductivity of the external 
solutions was investigated for solutions of one substance in different con- 
centrations. Copper sulphate, a.s in Series i, was used in tire folkmuis 

concentrations: I The accompanying 

curves show very clearly how the increase in conductivity, and consequenti! 
the increa.se in the number of ions present, is dependent on the strength o 
N . N 


the solution. From 


to — there is a definite increase in exosmosi: 
5000 250 

with increasing concentration of copper sulphate. ^ gives actuall 


N 

slightly less increase of conductivity than ^ although this difference ttia 
be within the limits of experimental error. 
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It will be observed that osmotic pressure alone cannot account for the 
[esult, as Isom this point of view the greatest exosmosis would be expected 
in the case of the weakest solution. 



2b Tht 5a rtiC CurytS CcnTinued. for a time 

It seems in this case definite enough, that the greater the number of 
poisonous ions in the solution, the more rapid the exosmosis, or, put in 
other words, the more rapidly the plasma membrane is rendered more 
permeable. 
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Series 3. I n this series copper sulphate was again used as the externil 
solution, and various strengths between — and -—were employed. Living 

plants of Vida Faba were used in place of potato as described in the .section 
dealing with methods. It will be observed, by comparing the curves lepre. 
senting the results of the two series, that the bean roots behave in the .same 
way as the potato tissue. 



Series 4. A series of mca,surements was made in which potato discs 
were immersed in various strengths of a solution of lithium chloride. The 
salt used was manufactured by Merck. The concentrations employed were 

N N N N N N 


as follows ; 


^ ^ , , Although the rise in con- 

125’ 25°' 5°°' ■°°° ■’*°°° 1 

ductivity of the solution was not so great as in the case when copper sulphate 

was used, the general result was the same (cf. Fig. 4). 

Series 5. If the exosmosis of electrolytes from living tissue indicated 
by the experiments described in the preceding seric.s is caused by the 
formation from the plasma membrane of substances completely perrae.t c 
to the electrolytes which diffuse out, it would seem possible that, if the lue 
of conductivity is regarded as a measure of the extent of exosmosis 0 
electrolytes, we might have here a criterion of antagonism. For if anotn 
substance be added to the toxic one, the exosmosis produced by le 
will be reduced if there is any antagoni.stic action between the two ions, a 
if the added kation is one which of itself produces little exosmosis, t c lei. 
should be that in the mixed solution the conductivity will increase at a slo 
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rate than in the pure solution of the salt, its concentration being the same 
in the two solutions. 

In order to test this possibility various mixtures of lithium chloride 
with potassium chloride were used. In each case the lithium chloride was 
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present in the solution in a concentration of — . Potassium chloride 

2000 

was added to the different solutions so that the following ratios of Li ; K 
were obtained : 


I : 0.4 
I : I 
I : 2 
I ■■■i 
1 ; 7. 

The curves in Fig. 5 show very clearly how increasing the quantity of 
potassium chloride decreases the exosmosis produced by the lithium salt, 
and this is the more .striking a.s a certain amount of exosmosis does result 
"hen potassium chloride is present alone in the solution (cf. Fig. 1). The 
result can scarcely be due to a depression of the ionization of lithium 
chloride as a result of addition of potassium chloride. The strongest 
solution contains a total number of molecules corresponding to no stronger 

a solution than one of — , and in this dilution nearly the whole of the 

125 

dissolved substance will be ionized. Also the slowing of the rate of increase 
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in the conductivity is quite definite in the weakest strength, corresponding 
to a total concentration of The results obtained do seem to indicate 

^ 43 ° . . . , 

an antagonism between lithium and potassium ions, in the sense that the 



Time trt hour’s. 

F(j.5, ffcfafo m^jLiCl lb vanWs (jwanTi/ies 
0/ KCl AftveAetrt addtd- 


exosmosis produced by the lithium salt is reduced in the presence of the 

nntassium salt of the same acid. ^ . , 

Wr 6 and 7. As it has been suggested that antagontstic action u 
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■alciuffl chloride and aluminium chloride. The kations of both these salts 
ffenerally regarded as comparatively harmless ions. The results obtained 
° similar to those obtained in the mixtures of lithium and potassium 
•hloride, but the results were less rather than more marked. It should be 



Fij 7 Fofato /fi wluTittmi oi Li Cl adiid various 

t^yOffriTifi 0^ A! Cl; T/t« -ar-o* a-t 'fi Urn'S 0* normal, not melteular 5 olut«n» 


noted that the strengths of calcium and aluminium chlorides are given in 
normal, not molecular concentration. Practically identical results are obtained 
in all these cases when molecular ratios are used instead of normal ones. 

.Series 8 -ii. The antagonistic action of aluminium chloride on copper 
sulphate had been made the subject of a very interesting investiption of 
Sziics (tio). In order to see whether any similar results would be indicated 


o 

in 



Fig 8 Pofafo Cv SOe^. to 

various cjuanTiTp** of A1 Cl j JiQVt icen 

by this electrical conductivity method, the effects of mixtures of copper 

sulphate — with different quantities of aluminium chloride were examined 
1000 

"ilh potato tissue. The relative quantities of CuSO, to AICI3 m tlic 
different solutions were i : o, 1 : 1, 1 : i. i : 4, and i ; 6 . During the first 
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three hours the different solutions behaved very differently, as indicated by 
the curves in Fig. 8. The more aluminium chloride present, the greater 
the apparent depression of the exosmosis, so that in the solutions containing 
most aluminium there is at first a fall in conductivity. 

A similar result was obtained when bean roots were used in place of 
potato (Series 9). 

These measurements were repeated several times with a constant result 
and the same result was obtained when similar mixtures were made with 

copper sulphate, both when potato (Series 10) and bean roots 



Tim< in ^Oi/rS 

BcaO Foots 50^ to fcave bttn added vanoui c^Mantities of AlC! t 

(Series ii) were used. In the last case the conductivity had risen very 
little in the mixtures of copper and aluminium, even after forty hours’ 
immersion of the bean roots. 

As will be noticed from the curve shown in Fig. 1, aluminium chloride 
itself produces a little rise in conductivity. Different strengths gi\o little 
diflerence in this respect. 

At first sight it would appear, then, that by this method a definite 
antagonism between copper and aluminium is exhibited. This may be the 
explanation of the results obtained, but, as the next .scric.s will indicate, 
other explanations arc possible. 

Series 12. A series similar to the last was made with potato in coppci 

sulohate solution, to which was added various strengths of fcrr'c 

c 2000 
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chigfjde (Merck’s reagent). In water solution ferric chloride gradually 
hydrolyses into ferric hydroxide and hydrochloric acid. Controls were 
therefore used of solutions of the same composition but in which potatoes 




Bean foofi (« Cl. SO4 one tn wwti/rrs of j^5CvS04 

with aici,. 

were not placed. Allowing for the rise in conductivity which takes place 
in these solutions owing no doubt to the production of hydrogen ions, 
and which is considerable in the solutions containing ferric chloride in 
greatest amount, the curves representing the results obtained are as shown 

B b 
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in Fig. la. It will be observed that as ferric chloride is added to the copper 
sulphate the conductivity of the solution is lowered as in the case of 
mixtures of copper sulphate and aluminium chloride, but in a very tnuji, 
more marked degree. 

A fact which should be mentioned here is the production in the 
solutions containing plant tissue of an orange-yellow precipitate, presumably 
of ferric hydroxide, whereas in the control solutions of the same original 
composition, but without potato, no such precipitation takes place. 

From these results one is at once led to inquire whether the formation 
of hydrochloric acid has anything to do with the form of the curves, 



We note a continual decrease in conductivity of the e.xperimcntal solu- 
tions containing much iron, whereas the conductivity of the control increases. 
The result would be explained if the hydrogen ion were absorbed by the 
plant almost as fa.st as it is formed, or at any rate very rapidly. 

Series 13. In order to test this supposition, solutions of hydrochloric 
acid were used, potato discs constituting the tissue employed. It "as 
found that a rapid fall in conductivity took place in all the concentrations 

used to - ^— ' 1 . The curve for the case of HCl is shown in 

tioo 16000'' 1000 

Fig. 13. 

Other acids yield similar results. The rapid fall in conductivity of the 
solution seems therefore due to the rapid absorption of the hydrogen ion by 
the plant tissue. 
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With alkalies a similar phenomenon is observed. Sodium hydrate in 
yarious concentiations from to has been used, and a fall in 

conductivity of the external solution has resulted, as in the case of acids. 

In order to obtain more definite information as to absorption of acid by 
plants we have measured the actual change in the concentration of the 
hydrogen ion by the use of the hydrogen electrode. It is well known that 
the contact E.M.F. between a metal and a solution of one of its salts is 
dependent upon the concentration of the ions of the metal in the solution, 
and the same applies to hydrogen and acids. A considerable time was 
spent in trials of numerous forms of hydrogen electrodes. Finally we have 
adopted the platinum-point form recommended by Michaelis ( 13 ) and 
Walpole ( 26 ). This has the advantage of enabling rapid work, and gives all 
the accuracy necessary for our purpose. 

N 

The E.M.F. of the hydrogen-electrode was measured against an — 

KCl calomel electrode, a solution of 3-5 N KCl being used as intermediate 
liquid. Kahlbaum’s potassium chloride with certificate of guarantee was 
used, and the mercurous chloride and mercury used for the calomel 
electrode were specially purified. 

By this method of investigation it was found that the hydrogen ion is 
indeed absorbed rapidly by the tissue. The electrical conductivities of the 
solutions were also taken, and from the two sets of results it becomes 
possible to form an idea of the quantity of electrolytes which have diffused 
out from the plant. 

An attempt was also made to determine the change in concentration of 
the chlorine ion by the use of the electrode chloride solution-calomel- 
mercury, but the results so obtained are not reliable, for the change in 
E.M.F, produced by addition of chlorine ions in such an electrode is due to 
a depression of the number of mercury ions in contact with mercury, and so 
anything which diffuses out of the plant and can cause a depression of the 
mercury ions will produce a change in the E.M.F. of the electrode. 

The following example will indicate the extent to which the hydrogen 
ion is absorbed by plants : 

N 

Bure HCl was used with potato as in the preceding experiments. 

The conductivity and concentrations of hydrogen ions of the solutions rvere 
measured at various intervals of time. For each pair of measurements two 
sets of potato discs and solution were used, and conductivity and hydrogen 
ion concentration of both were measured. The following table gives the 
results obtained by this means. The results are illustrated graphically 
in Fig. 13. 

\Vc do not propose to give here further data regarding the very iinpor- 
lib * 
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tant question of the permeability of plant tissue to the hydrogen ion, js 
more detailed investigations of this are at present in progress in this 
laboratory. 


O 



N 

Absorption of Hydrogen Ions by Potato Tuber from — HCL 



Strength of Add in 

terms of — — HCI. 
1000 

... r . N 

C onducltvtty : that of 

Time in hours. 

•' 1000 

hein^ taken as unity. 

O'O 

fOOO 

rooo 

0*5 

0‘821 

0-786 

I'O 

0762 

3'0 

0711 

0-742 

3*0 


0'7ii 

4*0 

5*0 

0-512 

0-666 

9-0 

0-319 


i8«o 


o‘ 53 i 

24*0 

0*092 

Discussion. 

0-504 


From the results of the experiments recorded above, it seems reason- 
able to conclude that a diffusion of electrolytes between the inside of plant 
tissue and the external solution through the cell membranes is a general 
phenomenon. In our experiments we have dealt mainly with comparalivel) 
dilute solutions, and generally here the exosmosis has exceeded the move- 
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fuent of the ions in the reverse direction. When strong solutions are used, 
an excess of endosmosis is to be expected. This we have observed our- 
selves with potato tissue when immersed in strong solutions of sodium 

hloride and calcium chloride and of mixtures of the two. 

Although in dilute solutions of equal strength the relative amount 
of exosmosis might be regarded as a measure of toxicity, it cannot be 
assumed that the curves of conductivity of the external solution can so be 
considered. However suggestive they may be in this respect, it is necessary 
to remember the complexity of action possible in the solution. The 
different rates of absorption of different ions and the diffusing out of 
substances from the plant which react with the external solution are both 
possible phenomena. As regards the .second of these we may cite the case 
of ferric chloride, in which there results in the external solution conditions 
which cause the precipitation of ferric hydroxide, while in the control 
solutions of the same composition no such precipitation takes place. 

In solutions containing ferric chloride also, the rapid absorption of the 
hydrogen ions present no doubt influences the conductivity curve exceed- 
ingly. It is possible that the same explanation may account for the 
apparent antagonism between copper and aluminium indicated by the con- 
ductivity curves of .solutions containing both these ions. No such explana- 
tion seems possible of the results in the case of mixtures of lithium with 
potassium and calcium, but in view of the facts of the case of copper and 
iron mixtures, we feel that some other reason may account for the form of 
the curves rather than the apparent one of an antagonism between the two 
metallic ions. 

Nevertheless we feel the results obtained by the method here used 
suggest a means of obtaining much information relative to the relations 
between the electrolytes in the cell, the cell membranes, and the external 
solution. Having regard to the different result,'; obtained in different cases, 
it i.s evident that each case will have to be worked out separately. It seems, 
moreover, quite probable that the different cases of antagonism so far 
recorded arc due in many instances to different underlying causes. 

A.s far as our experiments go, there appears to be no qualitative 
difference between the behaviour, in respect to permeability to electrolytes, 
of slices of potato tuber and the roots of uninjured bean plants. This 
suggests that the methods are suitable for general use, and that general 
permeability phenomena are being dealt with. 

It becomes clear from the experiments here described that the 
processes involved when plant tissue is immersed in a solution of one salt or 
a mixture of salts are complex. It thus seems to us that many of the 
generalizations that have been made by earlier writers, often from single 
^es, are premature. For example, Osterhout finds that when tissue 



Us 

rises 
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of Laminaria saccharina is placed in a solution of o-5j N NaCl, which h 
a conductivity equal to that of sea-water, the conductivity of the tissue rises 
with time approximately according to a simple exponential relation 
From this he concludes that the change in permeability is due to a change 
of some substance in the protoplasm, either by a catalytic action of the 
sodium chloride, or by a reaction with sodium chloride in which veryiittij 
of the salt is used. He states that a study of the temperature coefScient 
fa rise of 10° C. more than doubles the rate of reaction) shows that diffusion 
of sodium chloride inwards and other salts outwards is not the determining 
cause of the progress of the reaction. But, as our experiments show, with an 
increase in permeability there is necessarily an increased rate of diffusion 
through the cell-membrane, which will of itself produce conductivity 
changes in the tissues. Moreover, when we are dealing with a complex 
system such as this, the results obtained at different temperatures require 
careful analysis, before conclusions as to the nature of the processes taking 

place can be drawn from them. „ ^ ^ . , . , , 

Because the plant cell is able to absorb inorganic salts Osterhout holds 

with Loeb and Pauli that the plasma membrane is protein m nature rather 
than lipoid, and that the Quincke-Overton theory is untenable. But whi.e 
it is now generally realized that the plasma membrane cannot be who ly 
composed of lipoid substances, there is not at present evidence justifying the 
assumption that It is protein. The cell membrane is^ one of the most 
important structures of the cell in reg.ard to its life, and it seems reasonable 
to Lpose that its structure is correspondingly complex. In any case a great 
deal more experimental work in regard to the permeability of the al l u 
substances necessary for the ordinary life of the plant ‘ 

materials will be obtained for putting forward any satisfactory thcoij 
the nature of the cell membranes. 

Slmmarv. 

The exosmosis of electrolytes from plant tissue has been examined 
in relation to the composition of different external solutions by means 
phy-cal chemistry methods. Within certain limits, seems roasonableto 
conclude that the rate of exosmosis is a measure of toxicity. 

Trat when certain ions are added to -lutions containing un ^ 
poisonous ions might be due to the same cause that produces K 
investigators have called antagonism. In some instances w - 

that the phenomena are more complex than are gener.al y assume i. U 
have emphasized the necessity of examining -d analysing 
seoarately The use of the methods of physical chemistry ^ 

possibility of obtaining more definite information of the '-vs ^vjm. 
Lchange of substances between the interior and exterior of the ■ 

Botany Department, 

The Un[versity, Leeds, 

February 27, I9i5* 
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Observations on the Osazone Method of locating 
Sugars in Plant Tissues. 

ItV 

SYDNEY MANGHAM, MA., 

Lictuftr in Botany, Armstrong CoUtge, h'ewcastU-on.Tynt^ in the L'nivtrsiiy of Durham. 
With Plate XVII. 

I N the course of a research upon the paths of translocation of sugars in 
plants it has often been necessary to determine the distribution of sugars 
in the tissues after the plants have been subjected to known external con- 
ditions. 

The method which has been employed for this purpose is that intro- 
duced by Senft,' and consists essentially in the production of osazones by 
means of a glycerine solution of phenylhydrazine acetate, a reagent having 
good penetrative powers. 

Descriptions of the method and of some results obtained by it have 
already been published,^ but more recent investigations have thrown addi- 
tional light on the value of the method and on the limits of its application. 
For this reason it is considered desirable to give in the present paper a more 
detailed account of the conclusions arrived at with regard to the use of 
Senft’s reagent and to the interpretation of results yielded by it. In itself 
the paper forms a necessary prelude to the publication of results obtained 
in the above-mentioned research. 

General Method. 

The reagents employed are phenylhydrazine hydrochloride and sodium 
acetate dissolved separately in about ten times their weight of pure 
glycerine.® Sodium acetate dLssolves fairly readily in warm glycerine. The 
phenylhydrazine hydrochloride should be rubbed up with glycerine in a 
mortar, warmed and well shaken in a bottle kept stoppered to prevent 

* Senfl ('04'. * Mangham ('10, ’ll), 

* Commercial glycerine is often aduUerated with sugars, 

(imua, of Botany, Vol. XXIX, No. CXV, July, ijis.] 
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undue access of air. When solution is fairly complete this reagent should 
be warmed and filtered at least once. 

Examined under a microscope, the liquid should be nearly free froj, 
brown particles or drops of phenylhydrazine hydrochloride.' It should be 
kept in a darkened bottle preferably having a glass rod attached to the 
stopper for the withdrawal of drops. 

For use, small quantities of the reagents are mixed on a slide, and the 
plant material is placed in the mixture, covered with a glass slip, and then 
heated in a water-jacketed oven for any desired time. 

The preparation is then ready for examination, and provided that the 
material is not directly exposed to air by an insufficiency of the reagent, or 
other cause, nothing more need be done to the slide for some weeks. 

It is very important to keep the tissues properly covered with the 
reagent, as otherwise brown oxidation products form. 

Subsequently the sections may be removed, rinsed in cold water ot 
dilute glycerine, and remounted in pure glycerine, the preparation then 
being sealed with a mixture of gum mastic and paraffin wax applied with 
a hot wire.^ 

If air bubbles arc present in the tissues they can often be removed by 
an air-pump when the sections are in water or dilute glycerine. 

Except when thick the sections generally become moderately clear in 
pure glycerine. If, however, it is desired to clear them further, weak KOH 
(1 per cent.) may be employed, after which the material should be well 
rinsed in water, or water to which a drop or two of acetic acid has been 
added. 

Staining with aqueous stains can to a certain extent be carried out 
after the above treatment, but this is liable to decrease the transparency of 
the sections considerably. It is preferable to work with unstained material 
once familiarity has been gained with the structure of the tissues under 
investigation. 

Strong glycerine produces some plasmolysis, but in practice this docs 
not constitute a serious difficulty. 

Difi'USion. 

To a certain extent diffusion of cell contents follow.s the application of 
the hot reagent, but the amount of this diffusion is less than that which 
occurs with aqueous reagents such as Fchling's solution. 

In a section several cells thick the content.s of the more deeply seated 

' Sach syrupy drops, if present in quantity, resemble the oa.'izone synip given by maltose 
below). Syrup fonnd inside intact cells after treatment with the reagent could, however, hardy 
consist of small particles of pbenylhydrarine hydrochloride, as these would have been liltcred out br 
the cell membranes. 

> Cf. Thomas (Tl). 
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^jlJs naturally are less liable to diffusion than are the contents of more 

superficial cells. 

Similarly, tissues in which intercellular spaces are rare or absent, e. g. 
phloem, are less affected by diffusion than are those in which such spaces 
are large or numerous, e. g. cortex, &c. 

Actual observations of numerous preparations give the impression that, 
after heating for an hour at 98°-ioo° C., diffusion from cells not injured by 
the razor is comparatively small, and that the crystals of osaaones formed 
at the surface of the sections and in the medium away from the sections 
themselves arc produced mainly from sugars which have escaped from the 
cut cells and have diffused into or have become mechanically mixed with 
the reagent during mounting and subsequent heating. 

In support of this contention it may be stated that in numerous 
instances longitudinal sections of leaf-veins, examined for sugar distribution 
after the leaves had been darkened for suitable periods, have been found to 
show a distinct and fairly continuous gradient in the concentration of 
osazones, which concentration increases towards the proximal end of the 
vein irrespective of accidental variations in the thickness of the long, hand- 
out sections. 

Often, too, preparations have been examined in which fine sieve-tubes, 
arranged in a single layer, have alone formed a thin portion of the section, 
yet these have been found to be well filled with osazones. 

As far then as intact cells are concerned the distribution of the osazones 
may be held to approximate closely to that of the reacting sugars present 
at the time of cutting the section. 

In other words, positive results may be used fairly safely to locate 
certain sugars in the tissues, while negative results as a rule should not be 
attributed to diffusion of sugar present in the celLs at the time of mounting. 

It is well to note, however, that even when sugars are known to be 
present negative results may sometimes be given.' 


Effects of Glycerixe. 

The use of glycerine in the reagent has several advantages, It pene- 
trates rapidly, clears up the section, does not evaporate, is a good mounting 
medium, and owing to its viscosity diffusion of sugars, &c., is less rapid in 
it than in water. 

On the other hand, it has some effect upon the reaction with sugars, 
a point which does not appear to have received adequate attention at the 
hands of other botanical workers or critics who have dealt with it. 

Various experiments have been carried out with a view to ascertaining 


See below, p. 373. 
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the effect of glycerine on the production of osazones from the four principal 
plant sugars, dextrose, levulose, maltose, and cane sugar. 

As is well known, acjueous solutions of dextrose and levulose give with 
phenylhydrazine acetate long, fine, yellow, acicular crystals after a few 
minutes’ heating at ioo° C. As a rule levulose deposits crystals before 
dextrose, the latter coming down on cooling. Microscopically the two 
osazones are usually indistinguishable. They are both fairly insoluble ia 
cold water, but readily dissolve in alcohol. 

Maltose, after being heated for an hour or more, produces a yellow 
syrup which crystallizes after standing for a longer or shorter period. 
Frequently these crystals look much like those given by dextrose and 
levulose, but more often they have a broader and flatter form, much like 
that of a sword blade, and they may be paler in colour. 

Cane sugar, if pure, gives osazones only after becoming hydrolysed by 
prolonged heating.^ The resulting crystals are like those of dextrose and 
levulose. 

A glycerine solution of the reagents is, however, used in Senft’s method, 
and it has been found that the glycerine tends to hinder or prevent crystal 
formation to an extent which varies with the different sugars. Thi.s follows 
from the experiments now to be described. 

Experiment I. Thirteen pairs of test-tubes were set up. Of these, 
ten pairs contained small and approximately equal amounts of one or other 
of the four sugars powdered and moistened. To each was added about 
0-75 c.c. of the mixed reagent. The tubes were then completed by adding 
^ c.c. of water to one set (a), and 2 c.c. of glycerine to the other set (i). 
The other three pairs of tubes contained the reagent together with (a) water, 
and (b) glycerine, to serve as controls. 

Tubes 1-5, i.e. a control pair-l-onc pair of each kind of .sugar, were 
then heated for 35 minutes at 9«“ C. 

Tubes 6-10, i.e. a similar set, were heated for 60 minutes. 

Tubes IJ-13, i-e. a control pair-pa pair containing cane .sugar 4-a pair 
containing maltose, were heated for 75 minutes, after which the gas was 
turned off and the tubes were allowed to cool slowly in the bath. 

The tubes were then examined periodically and gave results indicated 
in the table below. 

' Neutral aqueous solutions of cane sugar are slowly inverted on boiling. W atts, iv, p. S5‘>' 
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Butii 35 i 

On cMling. j 

After 4 days. 

After 5 weeks. 

Cane sugar, 

w 

No change. 

Little change. 

Brown film at top ; liquid 
slightly turbid. 


w 

Quite clear. 

Quite clear. 

Top layers ( 1-2 mm.) slightly 

ii '* 


turbid. No crystals, 

Maltose. 

(“) 

No change. 

Little diange. 

Brown film at top ; liquid 
slightly turbid. 


(i) 

Quite clear. 

Quite clear. 

Liquid turbid at top only. 

" 


No crystals. 

Dextrose. 

W 

Very little osazone. 

Very little osazone. 

Liquid slightly turbid. Only 

Quite clear. 

Quite clear. 

very little osazone. 

Quite clear, except top layers 





(1-2 nun.). No osazone 
crystals visible. 



levulose. 


Abundant osazone. 

Abundant osazone. 

Liquid slightly turbid. Osa- 

Abundant osazone. 

.Abnndant oaazone. 

zone crystals abundant. 
Liquid turbid at top only. 


(« 




Osazone crystals abaodant. 

CoQtrol. 

w 

No change. 

Brown film at lop. 

Film and general turbidity 

Liquid cloudy. 

more marked. Yellow- 
brown deposition on sides 
of tube. 








(i) 

Quite clear. 

Quite clear. 

Quite clear, except for top 
layer (t-2 mm.), which 





appeared turbid. 


UiaUd 6o mins. 

On ceding. 

A/fcr 4 days. 

After 5 weeks. 

Cane sugar, 


Little change. 

Little change. 

Film at top; yellow-brown 
deposition on sides of tube ; 


<J>) 

Quite clear. 

Quite clear. 

liquid turbid, 

Quite clear, except top layer 



(3 mm.), which appeared 
turbid. 



Maltose. 

{a'' 

Little change. 

Little change. 

Much the same as with 


it’'. 

Quite clear. 

Quite clear. 

• j cane sugar. 

Dextrose. 


Abundant osazone. 

.Abundant osazone. 

1 .Abundant osazone. 



Quite clear. 

Quite clear. 

1 Quite clear, except at lop, 

1 

Uvulose. 


Abundant osazone. 

Abundant osazone. 

r 



Osazone began to form 

Abundant o^-azone. 

1 Abundant osazone. 



after a lime. 

Crystals smaller than 

i 




in 

1 

Control. 

• a''. 

Lii^uid somewhat cloutly 

! Liquid cloudy, with 
• lilm at top. 

• Brown film at top ; dej.'osilioa 
. on sides of tube. 



^ Quite clear. 

i Quite clear. 

Quite clear, except top layer 
(3 inni.\ which appeared 



i 

i 

brown and turbid. 
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Heated 75 
(O-r.), 

mins. 

Ok cooling. 

After 4 days. 

i ^fltr 5 vjteh. 

Cane sugar. 

(») 

Very slight precipitate. 

Very slight precipitate. 

Very slight precipitate, 


(«) 

Quite clear. 

Quite clear. | 

Quite clear, eicept top 

Maltose, 

(“) 

Little change. 

j Little change. ' 

rafts 

1 tiirhid. No osazone crystals 

■■ 

w 

Quite clear. 

Quite clear. 

! Quite clear, except top 

Control. 

{-) 

Little change. 

Little change. 

; Film at lop ; liquid turymi. 



! 

1 


yellow-brown deposition oj 

! sides of tube. 


w 

} Quite clear. 

Quite clear. 

j Quite cleat, except top layj,. 


Several conclusions may be drawn from the above results, though 
the experiment was merely a preliminary one and by no means strictly 
quantitative : 

1. In the presence of excess of pure glycerine the formation of 
crystalline osazones may be hindered or entirely prevented. 

2. This effect appears to be more pronounced with maltose and 
dextrose than with levulose. 

3. In the presence of water (in excess) chemical changes occur leaning 
to the formation of brown substances, but glycerine (in excess) tends to 
prevent or retard these changes. Their first appearance at the surface 
exposed to air suggests that these changes are oxidation processes, They 
extend into the pure glycerine mixtures more slowly than into the aqueous 
ones. 

4. The reagent itself in the presence of excess of pure glycerine under- 
goes no appreciable change even after being heated at about 100° C. for 
more than an hour ; the addition of water, however, brings about the 
changes referred to in 3. 

5. Cane sugar may yield a small quantity of osazone crystals if heated 
for more than an hour,’ though excess of glycerine was found to prevent 
the reaction in this particular instance. 

Some quantitative experiments were then made in the following 
manner ; 

Experiment 11 . Weighed amounts of the dry, powdered sugars were 
introduced into glass tubes and just dissolved in a drop or two of water. 
Carefully mixed reagent was then added in known weight. 

The respective tubes contained cane sugar, (i) 1 per cent. (i. e. o-o2 gr. 
sugar and a-o gr. reagent), (2) 10 per cent. (i.e. 0-20 gr. sugar and 2-0 gr. 
reagent) ; dextrose, i per cent. ; levulose, i per cent. ; and maltose, (i) i 
cent., (a) 10 per cent. 


* Cf. btloWy p, 375. 
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When prepared the tubes were corked, heated for one hour at 98° C., 
and examined on cooling and subsequently from time to time. 

The results given are shown below ; 



On retn(n/al. 

After 1 day. 

After dayt. 

AfUr 4 days. 

Cane soga^ ^ % 

Clear yellow. 

Clear yellow. 

Slightly turbid. 

Slightly turbid. 

Little change. Thiti 
film at top. 

More turbid. 

Much the same. 

Slight deposi- 
tion of osazone 
crystals. 

Dextiose, i % 

Clear yellow. Crys- 
tals had tonned 
half an hour later. 

Plenty of crystals. 

Abundance of small 
osazone crystals 
forming a precipi- 
tate at bottom of 
lulje. 

Much the same. 

Levolose, i 

Practically a solid 
mass of osarone 
and glycerine. Tobe 
inTectible within 

5 minutes. 

Much the same. 

Muchtbesame. Crys- 
tals, being larger 
than those given by 
dextrose, were more 
uniformly distri- 
buted. 

Much the same. 

Maltose, i % 

Clear yellow (as i % 
cane stigar). 

Darker yellow, but 
quite clear. 

Slightly turbid. 

Slightly turbid. 

Much the same. 

Much the same. 

Much the same. 

Much the same. 

1 


In order to follow the changes microscopically drops of the mixtures 
were also mounted on slides having depressions ground in one surface, and 
the cover-slips were attached with wax mixture.' 


■ 

AfUr \ hur. AfUr \ day. ] AfUr idays. 

.After 4 days. 

After 45 days. 

tne sugar, 1 % 

Minute yellow- '. Little change. Liulc ch.mge. 

brown globules, i 

Little change. 

N*o osazone crys- 
tals. 

r „ 10% 

More numerous ! Moderate uumbtr Increase in number 
giobnli’s tbaji ; ofcrystiiU. of crystals, 

in 1 V. 

, 

Abundance of 
crystals though 
much less than 
in i % dextrose. 

.Abundant spheri- 
cal clusters of 
ciystals, dense, 
almost woolly, 
outline not 

sharp. 

'd.i: type.)’ 

tliose, \ ^ 

Crystallization set ■ f-ittle change. I’lonty of mode- 

in almost at ' r.ately large crystal 

once. .Spherical, i clusUrs with great 

rather feathery numl>ers of very 

aggregates of : much smaller, less 

fine, acicular, • dense ones present 

short crystals, i bciweeu them. 

( = type.' * 1 

Much the same. 

Much the same. 


* Miiniie crj'stals may be present in the irlvcerinej iiiil allhou^th these may not be visible to the 
naked eye, they become obvious under the microscope. 

’ Cf. H. XVII, Fig. j. 


Cl. I'l. XVII, Fig. 3. 
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AjUt ^ hour. 

After 1 day. 

1 

After 3 dayi. 1 

i 

, After 4 dayi. ! 


Levulose, i % 

Sheaves of long, 
fine, acicular 
crystals formed 
before mount- 
ing. 

(= 'V type.)' 

Little change. 

Crystal aggregates 
very distinct from 
those of dextrose. 

1 Much the same. , 

i 

Maltose, i % 

Minute globules 
of golden syrup. 
Liquid as a 
whole a deeper 
yellow than in 
cane sugar or 
blank testa (i.e, 
the reagent 

alone). 

No crystals. 

Many drops but 
no crystals. 

1 

1 

Much the same. ' 

1 

1 1 
i 

! 

! 


More numerous 
and larger glo- 
bules of syrup, 
and deeper 

colour as a 
whole than in 
>%■ 

No crystals. 

i 

A number of crys- 
tal aggregates— 

; coarse sheaves, ! 
1 spheres, and ir- 
regular clusters 
of rather blunt- 
ended crystals, 

1 broader than 

1 those of or 

1 '■ P — apparently 

1 forming from 

1 drops of syrup 
' in some cases. 

Some finer crystals 
also present. 

More numerous 
crystals. Quite 

1 distinct from 
the ‘fjf’ and 
! types. 

The finer crys- 
tals, however, 
resemble indi- 
viduals of the 
*</’ clusters. 

1 

Still largeriEj 

ber of dust.-! 
some laiifj’, 
chains. \’{ 
characteristic 
Many of 1] 

; niasses {jt; 
i opaque. 


Although they do not form a complete series, these experiments bring 
out several interesting points. 

In the case of i per cent, mixtures which had been heated for an hour 
it is seen that levulosc and dextrose yielded copious crystalline precipitates, 
The osazone came down more rapidly with levulose than with dextrose,' 
and in the former consisted of sheaves of long, fine, acicular crystals which 
contrasted strongly with the more spherical and somewhat feathery clusters 
of smaller, though acicular crystals given by dextrose.* 

The cane-sugar mixture underwent little change, though some yellow 
drops of syrup appeared to have formed. 

The maltose mixture turned much yellower, and showed minute 
droplets of syrupy liquid more conspicuously than did the cane-sugar 
mixture. 

' cf. H. xvii, Fig. I. > a. ri. XVII, Fig. 4. 

* This difference was observed by Senft. See also below. 

It may be remarked that these two types of crystal clusters can hardly be regarded a 
altogether distinctive characters for dextrose and levulose. In low concentrations the difference '> 
less pronounced and may quite disappear. The two forms are referred to as ' </ ’ (dextrose! and ' • 
(levulose) types in the results to be described in a later paper, while ‘ d.l.' indicates such deo^M) 
woolly, spherical clusters as are yielded by cane sugar, and * m ’ denotes the maltose type. 
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The 10 per cent, mixture of cane sugar yielded rather dense, lumpy 
clusters of crystals. The amount increased for a time, but the final yield 

much smaller than that given by either of the i per cent, mixtures of 
the constituent hexoses. 

The 10 per cent, mixture of malto.se yielded crystals after standing for 
tivo or three days. The amount increased for some days, and the crystals, 
which were quite distinct in form, appeared to arise from the drops of 
syrupy liquid mentioned above. The presence of finer crystals in smaller 
quantity rather suggests that a certain amount of the maitose had under- 
gone hydrolysis with the production of dextrose. Glycerine has, indeed, 
been shown to have a hydrolytic action upon cane sugar and upon 
maltose.! 

It is, however, apparent that in the case of the i per cent, mixture of 
cane sugar hydrolysis had not proceeded sufficiently to cause a precipitation 
ofosazones from the resulting invert sugar. 

On the other hand, after the to per cent, mixture had been heated for 
an hour, enough of the cane sugar had become hydrolysed to produce 
a good crop of crystals. 

It is clear, then, that attempts to distinguish cane sugar qualitatively 
in presence of its constituent hexoses by comparing the yields of osazones 
obtained in duplicate preparations, only one of which has been heated,* 
cannot give trustwortliy results, since tlic formation of a precipitate with 
canc sugar demands its presence in a relatively higli minimum concentration 
if the duration of heating is not to be prolonged undul)’. 

Still less reliability attaches to the method as a quantitative one, for 
from the above examples it is evident that after heating for one hour 
similar osazone yields would result if each of the pair of preparations con- 
tained both dextrose and canc sug.ir in i per cent, strength. Indeed the 
presence of canc sugar, in addition to the hexosc. would not be detected by 
eye any too readily unlc.ss present in several times the above amount. 

That Senft was led to attach too much importance to this method of 
attempting to distinguish canc sugar doubtless arose from using jo per cent, 
sugar solutions,^ and apparently neglecting to check the results so obtained 
by comparison with tho.se given by weaker solutions more comparable in 
concentration with the contents of plant cells. 

To a certain extent the work of Strakosch,* who employed the method 
in an investigation on the sugars of the beet, is open to criticism on the 
grounds of unreliable technique, and only those of his conclusions with 

1 Itnnath t'94). Gnafe records (’05, p. 2 i) that iirattose undergoes some hydrolysis after 
i-l| hours heating with Sentt’s reagent, 

! Hexoses alone slowly yield os.azoncs in the cold. 

* .Senft, 1, c., p. 10 . 

* Stiakosch ('07;, p. S6 j. Cf. also Rahhand (’1'21, pp. ;i 9 - 2 r, for criticisms. 
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regard to cane sugar which were founded on evidence other than that derived 
in the above manner can be regarded as at all trustworthy.' 

The identification of maltose by the formation of osazoncs does tioj 
appear to have been investigated by Senft.* 

Grafe"’ noted and figured the characteristic flat, broad needles of 
maltose phenylosazone as yielded by Senft's reagent, and such crystals 
have also been figured by the present writer in an earlier paper.' 

In the experiments just described, and in others of a similar character 
the process of formation of the crystals of maltose phenylosazone was 
followed under the microscope. 

It is slow and changes may take place over many days, though with 
the stronger solutions, or with more prolonged heating, the time is 
shortened. 

The liquid first changes to a deeper yellow, and small drops lookiiw 
much like ‘ golden syrup ’ appear, the timount of this .syrup being roughly 
proportional to the concentration of maltose ))rcscnt. These drops gradually 
become confluent to form larger drops, or by partial union they may form 
irregular chains of globules, or again they may yield massc.s whose contours 
show obvious signs of their formation by the coalescence of smaller globules, 
These larger drops of yellowish-brown to very pale yellow .syrup mav 
undergo no further change, or if the concentration is sufficiently high iicy 
may begin to show signs of the formation of radially arranged, needle- 
shaped crystals. Ultimately the larger drop,s give rise to fairly regular, 
spherical clusters of rather broad, straight, light yellow needles whose points 
are usually more or less obtuse. Kcsidcs these regular, .spherical clusters of 
radiating crystals other more irregular arrangements are to be found as well 
as single needles. Frequently a number of crystal clusters form in contact, 
and become arranged in straight or irregularly curved rows with slight con- 
strictions indicating the component clusters. Often the osazone appears as 
an almost opaque mass, the crystalline nature of which cannot be made out, 
or is perhaps only recognizable at portions of the c.xternal surface. 

Examples of these forms are shown in I’l. XVII, Figs. 4-7. 

The formation of crystals of maltose phenylosazone after heating for 
one hour depends then in part upon the original concentration of the sugar 
in the glycerine, and it seems to be hindered by the great viscosity of this 
liquid. In low concentrations the syrup ,st.agc of the osazone ma>' not be 

' Cf. also t^low, p. 379, 

® Senft records ( 1 . c., p. 35) that in a few instances, .after the preparations h.ad st'eni ivr soni, 
fourteen days, rosettes and sheaves of yellow crystals formed. He considered tli.at tlitse see 
probably osazones. Cf. PI. II, Pigs. 8-1 1, where ch,vracteiistic crystals of maltose phenylossioac 
are shown in Ginkgs, Daucm, and liloika. 

® Grafe, t. c., FI, I, P'igs. 4 and 5. In the latter crystals .are apparently forming honi yd.o' 
liquid. 

* Mangham ('ll), p. 164, p'igs. 3 and 4. Sec .also Plimnier (’ 10 }, p, yr, Pig. 14. 
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passed even after six months, while in higher concentrations crystals may 
appear in a day or two, or even within a few hours if the heating is more 

prolonged. 

Considerable caution must therefore be exercised in attempting to 
locate maltose in starch-forming plants by means of Senft’s reagent. The 
fonnation of drops of syrupy liquid within cells, especially if in any 
quantity, and if in tissues examined after starch dissolution is known to 
have occurred, in all probability denotes the presence of maltose, though 
other possibilities arc not altogether excluded.' 

If actual crystals are formed the osazone can be identified with less 
uncertainty, though here again it is necessary to bear in mind alternative 
inteipretations.* 

Here it may be remarked that the failure of Strakosch to detect 
roiltosc regularly in the leaves of the beet, and his finding of only small 
quantities in the petiole,^ may perhaps have been caused partly by the 
failure of the o.sazono to crystallize in glycerine. 

The effect of glycerine upon the crystallization of the osazones was 
further investigated by mixing tire latter with glycerine in various propor- 
tions, heating the mixtures, and allowing them to cool prior to examining 
them microscopically. 

llxperiment III. Lcvulose and dextrose phenylosazoncs were added 
to pure glycerine so as to give o-i per cent., i-o per cent., and j per cent, 
mixtures. The tubes containing these were then heated and shaken until 
the contents appeared homogeneous. The colour of the resulting liquid 
varied from .straw to dark brown according to the concentration of the 
osazone. 

Drops were mounted immediately after heating and mixing, and were 
examined microscopically at once. 

The results obtained are shown in the table below. 


ii'i.i, 

■ia/iiiticJ. 


I.n-tthu. 


Di-XhOSt. 


jb't after J'li'-i’s. c-i '' Cltarstia\v-Ct'lourc»lli<]iikl. o-i Cicarsiniw-colouredliquid. 

healing. \-o /. Dark-brown li'iuiildejiosit- t o ' Ai with lcvulose. 

ing crystals on cooling' 
and seltiujj stilily. 

5 0 ^ Ytllowisli-browu solid 5 0 % As with levulose. 

mass on cooliny. 

SU'M-f. 0*1 % Sliowetl K'ginninjjs of S.iJey. o t /' Much .as with lcvulose. 

crystal formation within 
an hour. 

1-0% Deposited crystals within . i-Oy' Much as with levulose. 

a few iniinitcs of mount- • 
ini;. NN’cll formal after ; 

20 minutes. ' 

' Ix'e below, p. 3S7. * See below, p. 3^7 

* Strakosch, 1 . c., p. S63. 

C C 3 
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When i 
exatnined. 


Levulose. 


Dextrose. 


After 
1 8 hours. 


\ Tubes. 01 % Qniteclear. Sttaw-colourcd. 

I 1 - 0 % No farther change. 

\ Glides o-it Good crop of short, small, 

01/. mostly 1 

1 separate, but some 

sheaves or froups. 


After 
4J hours. 


1 .0 y Dense formation of crystal 
° clusters, between which 
the liquid looked turbid. 
Crystal clusters pale, 
almost transparent, and 
not very clearly defined. 
Some larger sheaves also 
present. 

^ Tul>e 0-1 % Still quite clear to naked 
I eye. A drop removed and 

' examined microscopi- 

cally, however, showed 
a few small crystal clus- 
ters and one or two 
larger ones. Some almost 
transparent, flocculenl 
masses or films of irregu* 
lar outline also micro- 
scopically visible. 

Hides. 01% Very good crop of crystals, 
separate or in sheaves, 
throughout the liquid. 


Tudes. 0.1 % Quiteclear. Straw-colourel 
1.0% No further change. 

Slides. 0.1% A distinctly smaller crop n( 
crystals than with o-i 
levulose. Crystals coq. 
fined to edges of depression 
— not in latter iuclf, as 
I with levulose. Individual 

I crystals indislinguUhablc 

from those of levulose, 
i-o % Much as with levulose, 


After 
4 days. 


After 
6 days. 


After 
at days. 


I 07 Dense mass of spherical 
^ crystal clusters. The 

radiating crystals most 

clearly defined in central 
portions of each cluster, 
while their outer ends 
could not readily be 
delimited from those of 
crystals of adjacent clus- 
ters. Optically indis- 

tinct-crystals apparently 
[ not properly separated as 

I such from matrix. 

Tithe, o-i % Precipitation of crystals 

commencing in upper 

portion of liquid. 

Slides. Much as before. 

Tuhe. 0.1 % The crystals viewed from 
above end of tube showed 
a radial distribution. 

j Slides. Much as before. 

Tube, 0-1% Increased crop of crystals. 


Tube. 0-1% Still quite clear to the eyj 
A drop examined iricrc 
scopically showed dis. 
linclly fewer crystals lha 
wilhO'J % levulose. Floe- 
culcnl masses as with leva- 
lose — possibly osaiow 
about to crystallhv, 


Slides. 0*1 % An increased nnmUr w 
crystals present practidly 
all round edge of dcpitJ' 
sion, but not yet in laUci, 
Similar in appearance tv 
leN'ulose, but much less in 
quantity. 

1-0% Much as with Ivviiloitr, 


Tube. 0-1% Smaller amount of cry.M 

' in course of prcciprta.J 

than in IcvuloaC. 

Slides . M uch as be fore . 

Tube. O-I X As with levulose, b" c 

smaller amount. 

Slides. Much as before. 
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When 


/.evn/ase. 

/)exiri!se. 

Alter 

days- 

Slides. 

Much the same. 

! 

Slide. 1-0% Crystals more clearly de- 
fined. 

After 

S" <!»>'=■ 

Slides. 

1 

i 

Little further change. ^ 
Crystal formation did ^ 
not appear to have pro- 
gressed as with dextrose. 
Very hazy and turbid or ' 
granular, except .it centres 
of clusters. 

Slides, c-i % Little change. 

1-0% Crystal formation appa- 
rently complete. Innu- 
merable very minute 
crystals everywhere, be- 
sides larger clusters. 


From these results it would appear that the osazones are fairly soluble 
in hot glycerine, but that on cooling they come down as crystals readily in 
mixtures of i per cent, concentration and above, but less readily in C’l per 
cent, mixtures. 

In the I per cent, mixtures the actual crystal clusters of levulose were 
ultimately less sharply defined than those of dextrose in this particular 
instance. 

It is also seen that a o-i per cent, mixture of levulose phenylosazone 
deposits crystals more rapidly and copiously than a corresponding mixture 
of the osazone yielded by dextrose. 

The two osazones arc almost insoluble in glycerine.' but in weak con- 
centrations crystallization seems to be retarded by the viscosity of the 
glycerine. Naturally in a viscous medium the rate of diffusion of particles 
to form crystals is slower than in a medium such as water. Clearly, too, 
the process of crystallization will be slower when the particles are highly 
dispersed throughout the medium than when they are present in greater 
concentration. 

On the whole, then, although there may be some irregularity at times, 
it may be held that if the preparations are allowed due time for equilibrium 
to be attained, the use of glycerine in the reagent as it is ordinarily employed 
has no very serious effect upon the delicacy of the test as far as levulose is 
concerned, In the case of dextrose, however, it may occasionally happen 
that crystals will fail to appear.' 

The presence of other sugars may affect the reaction given by any 
particular sugar, but before dealing with this point the results may be 
described which were obtained by^ mixing maltose phenylosazone with 
glycerine and treating the mixtures as in the above experiment. 

Experiment IV. Tubes were prepared containing the osazone mixed 


' The actual solubility has not been tletermincd, but it is obviously less than i in 1,000. 

’ Orafe states ( 1 . c., p. 17) that a 0*015 per cent, solution of Jexlrose yields positive results. It is 
riot clear, however, whether this concentration means 15 parts in 100,000 of the reagent or of water 
previous to the .Tddition of reagent. 
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with pure glycerine in ten different proportions, viz. i per cent., j percent, 

3 per cent., 4 per cent., 5 cent., 6 per cent., 8 per cent., 10 per cent, 

15 per cent., and 4o per cent. 

As in previous experiments drops of the mixtures were mounted on 
slides, sealed and examined microscopically at intervals over a long period. 

The behaviour of maltose phenylosazone under these conditions differed 
markedly from that of the osazoncs of dextrose and levulose. 

No rapid re-crystallization occurred, but the preparations showed a 
series of changes which took place with extreme slowness. 

■ After the tubes haef cooled, their contents ranged in colour from 
pale straw to very deep brown.’ With the rise in concentration of the 
osazone the viscosity of the mixture increased, the 20 per cent, mixliirc 
being almost invertible.* Owing to the opacity of the higher mixtures 
satisfactory observations could not be made on them in the tubes. 

In all the less opaque tubes a slight increase in turbidity was noticed 
for a few days from the commencement of the expei iment. 

After four days the tubes up to 6 per cent, showed a somewh.it Ic's 
opaque top layer. 

Observations made upon the prepared slides showed that suspended in 
the fluid medium were numerous very minute globules of yellowish-bronn 
syrup. In any one slide these globules varied in size over a not very vide 
range. Their number increased more or less in proportion to the concentra- 
tion of the osazone. 

On examining the preparations by dark-ground illumination and mih 
a Zeiss 16 mm. objective and x 18 compensating ocular the presence of an 
immense number of minute particles could be detected. These were best 
seen in the weaker mixtures, and according to their size they scattered rays 
of different wave length, and so appeared as bright red, orange, green, &c,. 
points of light. 

The number of points of light which could be detected by dark-ground 
illumination was much greater than that of the globules visible by weak 

transmitted light. _ , 

It was possible to observe an extremely slow motion of the points 0 
light in the glycerine, i. c. .‘.low, compared with the motion of colloi a 
particles in a metallic hydrosol. 

The minute yellowish-brown globules showed a fortuitous ari'angemcm 
at first, but gradually, and more obviously in the higher concentrations, 
they became grouped to form irregular clusters leaving spaces more 01 
free. Many of the globules cohered, and some by coalescence gave ruse to 
larger ones. By the fourth day this grouping of globules into chains, c.. 

> Probably due to small amounts of aniline or decomposition prodiicls present “ . 

r Cf. the hexoses, pp. 379-»o. It is possible to prcjiare emulsions of oil nnd soap 
a consistency allowing of cnbes being cut out of them. ICatschek ( IS', p. ir. 
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had become quite evident and numbers of large globules were to be seen 
suirouiided by smaller ones just in contact with them. 

Besides this gradual grouping and coalescence of yellowish-brown 
globules another change soon became evident. When weak light was used 
a pale yellow substance in the form of more or less regular spheres, often 
,fith somewhat darker centres, appeared on the lower surfaces of the 
cover-slips. ^ 

This change was first noticed in the stronger mixtures, but later on it 
appeared in the weaker ones also. It was observed on about the third day 
ill the S per cent, mixture and in those of higher'conccntration, on the sixth 
day in the 6 per cent, mixture, the twelfth day in the 5 per cent, mixture, 
and some days later in the 4 per cent, mixture. Below this strength the 
pale yellow substance had not appeared after nine weeks from the beginning 
of the observations, although it was then very noticeable in all concentra- 
tions above 3 per cent. At the end of this period the first three slides 
showed only globules of brownish syrup of various sizes irregularly grouped 
as described above, (Cf. PI. XVII, Fig. ti.) 

The actual nature of these globules has not been determined, but it is 
considered probable that they were due partly to impurities, cither intro- 
duced with the osazonc or resulting from decomposition produced by local 
overheating, and partly to osazonc which had been melted,* but had not 
been brought by the heating into a state of fine division, and so had yielded 
visible droplet.s of syrup. 

At the same time in the 4 per cent, mixture the pale yellow substance 
took the form of numerous approximately regular .spheres having a diameter 
of the order of ten times that of the .average globule of brownish syrup, of 
which numbers were also present. 

Most of these spheres were single, but in some cases two or more 
appeared fused and occasionally rows of them were formed. 

About five weeks later the 3 per cent, mixture showed a small number 
of these pale yellow spheres. (Cf. PI. XVII, k'ig, 9.) After four months from 
the commencement of the observations the number of spheres had increased, 
but none were visible in the z per cent, mixture. (Cf. Pi. XATI, Fig. 8.) 

In the higher concentrations the amount of the light j'cllow sub.stance 
was proportionately greater. While in the 8 per cent, mixture the spheres 
were for the most part just in contact with one another, above this strength 
their closeness and fusion cau,scd the preparations to appear opaque and 
coarsely granular. 

It has not been possible to make out the exact structure of these 
spheres. In many ra.scs they resembled drops of pale yellow liquid, while 
'a a few instances the .slightly roughened outline and somewhat granular 

^ Mclling-point of maltose pheiivlosazom*, :o6® C ljoiHn<;-pomt of glycerine, The 

^Ssiifonc is liable to decompose in air at mcltiug-point ; cf. Armstrong p. 6o. 
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appearance recalled some stages observed in the formation of osazone 
crystals in preparations in which maltose had been heated with the reagent 

On the whole it seemed fair to conclude that the osazone, which as the 
result of being heated had melted and had then been dispersed throughout 
the glycerine as an emulsion and partly as a solution, on cooling had 
gradually become aggregated into microscopically visible droplets which 
were in some cases very slowly undergoing re-crystallization from the 
syrupy condition. 

Although after six months from the time of mounting some of these 
spheres appeared distinctly more crystalline, the majority were still almost 
transparent and structureless. 

In addition to these observations, others were made on preparations 
which contained drops of the I per cent, and 5 per cent, mixtures described 
above, and which had been heated at 98° C. or so for 5 hour, i hour, hours, 
and 2 hours re.spcctivcly after having been set up. 

The early stages of the processes just dealt with were somewhat 
accelerated by the heating. About four months later it was found that, 
while the i per cent, mixtures which had been heated for 1 hour and 
I5 hours respectively showed only drops of yellowish-brown syrup, there 
also appeared in the other two i per cent, preparations a great number of 
much larger, pale yellow, spherical, semi-crystalline or granular ma.s-,cs, 
(Cf. PI. XVII, Fig. 10.) 

These evidently consisted of osazone partially re-crystallized, and so 
afforded an example of a later stage in the process than could be seen in 
any of the unheated slides. After six months from the beginning of the 
experiment the osazone in all of these slides was found to have partially 
re-crystallized. 

It is clear, therefore, that even in i per cent, concentration the viscous 
syrup may under suitable conditions slowly crystallize. 

Crystallization is, however, uncertain and the osazone may remain 
either in solution or as a fine emulsion, or it may separate out as micro- 
scopically visible drops of syrup which apparently do not crystallize. 

Doubtless in this case, as with other organic compounds, the presence ol 
impurities hinders crystallization of the syrup. It is known that in aqueous 
.solutions the form of the cry.stals of maltose phenylosazone is greatly 
affected by small traces of impurities.' In the plant cell many substances 
are present and must constitute impurities; among these are colloids, the 
influence of which on crystallization may be very marked. 

Accordingly some lack of uniformity of the osazone of maltose is to be 
expected when it is formed inside vegetable cells, and especially inside 
sieve-tubes where protein.s may abound. 

It cannot, of course be taken for granted that results yielded by extra- 
* Armstrong, f. c.. p- 6o. 
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cellular experiments will hold good for reactions carried out inside plant 
cells, for it is impossible to realize the precise conditions obtaining in the 
latter. Still it may be urged that the above results and considerations 
afford some justification for regarding as maltose phenylosazone the yellow 
syrup so often observed inside cells (especially the sieve-tubes of fine veins 
in leaves) after treating with Senft’s reagent sections of veins, petioles, &c., 
taken from starch-forming leaves which had previously been placed under 
conditions ensuring hydrolysis of starch and translocation of sugar, 

Furthermore, it may be suggested that the production of an apparently 
homogeneous syrup in these cells probably indicates the presence of maltose 
alone,’ while the appearance which has been recorded in notes of experi- 
ments as ‘ semi-crystalline ' amorphous or ‘ granular and which has been 
found on the whole less commonly in the sieve-tubes of the finer veins of 
leaves than in those of the stronger ones, would then denote either maltose 2 
from which osazone crystals had formed (or were forming) and were mingled 
with some uncrystallized syrup, or a mixture of maltose with other sugars. 

For example, such an appearance might well be produced if maltose, 
in the course of translocation, gradually became hydrolysed under the action 
of maltase produced by the sieve-tubes themselves or by the companion- 
cells,® or if hydrolysis occurred during the heating of the preparations.’ 
The resulting dextrose would yield osazone crystals, but there would 
probably be some syrup as well if any maltose remained, and in the con- 
fined space of the sieve-tubes the two would be obliged to mix to a certain 
extent. 

Again, if in addition to maltose cane sugar had entered the sieve-tubes, 
and sufiicient of it had become hydrolysed either during the heating or 
previousl)' while undergoing translocation, a deposit of crystalline osazone 
might be formed and so produce the appearance referred to. 

Finally, there might also be itrcscnt with the maltose before treatment 
with the reagent hexoses which had not arisen from the hydrolysis of bioses.® 


Reaction with Mixtures of Sugars. 

It was remarked above that the presence of other sugars may influence 
the osazone reaction given by any particular sugar. 

In this connexion considerable interest attaches to the work of Scher- 
man and Williams,’' who studied the rate of precipitation of osazones from 
aqueous solutions of one or more sugars. Other conditions being un- 
changed, they found that the rate of precipitation with dextrose varied with 

Probably in low concentration. * Frotably in hij;her concentration. 

^ Cf. .Scott p. 156 . ‘ Cf. above, p. j;;. 

In this connexion cf. Brown and Morris ,’93), Strahosch, 1. c., Tarkin (’ll), Rnhland, 1. c., 
tanipbcll (’ 12 ), and Armstrong, 1, c. 

‘ Schetman and Willi.ams d06). 
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the concentration of the solution and was approximately constant for a 
given dilution. . ^ 

Similar results were obtained with Icvulosc, which, however, always 
gave a precipitate in about one-third of the time required by the same 
amount of dextrose. 

Invert sugar yielded the osazone almost as rapidly as levulose of the 
same concentration. 

The rate of precipitation was accelerated by the addition of certain 
other sugars. For example, the time required for precipitating the osazone 
from a solution containing o-i per cent, of dextrose was shortened con. 
siderably in the presence of 3 per cent, raffinose, a sugar giving no direct 
reaction itself. 

Cane sugar was found to produce a similar acceleration with levulose 
solutions. 

On the other hand, maltose, and to a greater extent lactose, retarded 
the precipitation and interfered much more seriously in the case of clextroie 
than in the case of levulose. 

These results obtained in aqueous solutions have not been compared 
fully with those given in glycerine solutions. But some of the earlier 
experiments carried out by the author before becoming acquainted with the 
above work showed that mixtures of dextrose and maltose gave the reaction 
less readily than mixtures of levulose and maltose, and that in a mixture of 
dextrose and levulose the reaction did not appear to be at all hindered.' 
Moreover, in the case of the levulose and maltose mixture typical Icvulosc 
osazone crystals were found on e.xamining immediately after the heating, 
whereas no crystals could be seen in the dextrose and maltose mixture 
until about two hours later, and then small ones slowly formed. A similar 
dextrose solution alone gave large crystals immediately on cooling. In 
these experiments the preparations were heated for half an hour. 

As the behaviour of dextrose and Icvulosc in glycerine is on the uholt 
much the same as in water, there is little reason for doubting that the 
results obtained in aqueous solutions would apply also when the reaction fe 
carried out with Senft's reagent, although the effect would be iiitcnsified 
owing to the viscosity of the glycerine. 

Here then is another reason for allowing due time to elapse before 
drawing conclusions from the application of the reagent to plant ti-ssues 
known to form starch and thus likely to contain maltose and dextrose. 

Various points in connexion with the use of Senft's reagent in botanical 
work have now been dealt with, but one or two more call for remarks. 

Oxidation. The formation of brown substances in presence of air, and 
more rapidly when water is present too, has been referred to above. This 

* These experiment.s were only roughly quantitative, as tlrop.s of ^ per cent, aqueous soliitiu^“ 
were added to Senft’s reagent in approximately equal amounts in the various cases. 
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is probably due to the oxidation of the reagent, for phenylhydrazine has 

good keeping properties when freely exposed to the air. Pure glycerine 
acts a.s a preservative, presumably because it prevents ready access of air. 
The products formed give in glycerine brown drops of syrup (cf. foot-note 
below). 

The glycerine itself might conceivably undergo oxidation' by the 
action of substances present locally in the plant, in which case small 
quantities of such compounds as glyceric aldehyde or dihydroxyacetone 
might be formed, and these substances yield osazones. To examine this 
point some glycerine was oxidized with aqueous ferrous sulphate and 
hydrogen peroxide,^ and the brown substance (osazonc) resulting from the 
sub.sequent addition of Senft’s reagent was examined microscopically. The 
(dilute) glycerine mixture yielded drops of brown syrupy liquid, some 
opaque brown spherical masses, and sonic crystal clusters, the individual 
crystals of which had the form of lamellae almost as broad as long and with 
obtu.se ends. To some extent such crystals resemble those yielded by 
maltose phenylosazone, and might possibly be mistaken for them if not 
clo.'cly examined. The syrup is practically indistinguishable from that of 
the maltose osazone, although rather darker in colour. 

It should be noted that the reagent itself, when tested in blank experi- 
ments used as controls to those in whicli sugar had been added, did not 
give crystals ; if properly filtered in preparation very little syrup is formed 
either,’ 

On the whole the danger of mistaking for crystals of malto.se phenyl- 
osazone those of the o.sazone of an oxidation product of glycerine i.s small 
tinder the conditions in which the test i.s ordinarily applied. 

tialis of PhcitylhyiiroziiK. Phcnylhj'drazine readily forms salts with 
acid.s, and some of these are insoluble in glycerine and water. The hydro- 
chloride is fairly .soluble in glycerine, the acetate also, but the oxalate is less 
soluble. The crystals, however, are in each case quite distinct in form from 
tho.se of maltose phenylosazone. Moreover they are typically colourless, 
but might easily appear yellowish in the proximity of )-ellow osazones. 
While in general tliese crystals are distinguishable still in sonic arrange- 
ments, especially when viewed edgewise, and when at all inclined to appear 
yellow, careful examination may be necessary to determine their real 
identity. 

' In contact with phtinnni black glycerine in presence of air am! water prudnccs glyceric 
r.;(leliy<le, Ci ami water. Watts, ii. p. (>i6. In contact with iron oxidizing in moist air, a substance 
!ike ;;h! cose is formed. Ibid., p. 617. 

* yenton (’ 06 ), p. loi. 

’ Cf. p, 370. foot*note i. If. however, the rc.igent is old when aj'plicd, or is heated for a long 
time in presence of air, yellowish-brown liquid and crystalline or opaque masses may hv formed 
niter standing for some months. It is ail\is.aMe to renew the phetnlhvdra/.inc hydrochloride solution 
least once every six months, though J^nft stales {, 1 . c., p. 7' reagent may be used 

satisfactorily even if three yc.ars old. 
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Summary. 

The results of this investigation may now be brought together. 

To carry out the test sections of plant tissues are laid in a mixture of 
glycerine solutions of phenylhydrazine hydrochloride and of sodium acetate 
and then are heated at 98°- 100“ C., usually for an hour. 

During the heating to which the tissues are subjected some diffusion of 
cell contents may occur, but this is certainly less than that resulting from 
the use of aqueous reagents such as Fehling’s solution. On the whole 
positive results (osazone formation) may be held to indicate with a fair 
degree of accuracy the distribution of the reacting sugars before treatment 
with the reagent. 

The reaction is affected by the glycerine employed ; the glycerine acts 
mainly by reason of its viscosity and causes a retardation of processes 
depending upon diffusion. 

The amount of this retardation varies with different sugars, and 
apparently is not altogether constant for the same sugar. 

Levulose yields an osazone very readily, and in preparations heated for 
half an hour the crystals are often formed before cooling. Frequently the 
crystals are long and fine, and are arranged in sheaves. 

Dextrose precipitates its osazone less readily than levulose, and with 
very small concentrations of dextrose a positive result may occasionally not 
be given. As a rule the crystals are shorter, and arc formed in spheric, il 
clusters having a feathery outline. With i per cent, of the sugars present 
the crystal clusters contrast strongly in the two hexoses, but in low con- 
centrations this difference disappears. With o-i per cent, of the os.azoncs 
present the crystals are small and indistinguishable, and arc deposited after 
a few hours, but more readily and copiously in the case of levulose. 

Too much reliance should not be placed on the crystal cluster form as 
a feature distinguishing dextrose from levulose. 

Glycerine is known to have a hydrolytic effect on cane sugar and 
maltose. 

Cane sugar, if present in sufficient concentration, may become partly 
hydrolysed after being heated at 98'’-ioo'’ C. for an hour. In an experi- 
ment with I per cent, of the sugar present no osazone crystals were formed. 
With 10 per cent, a good crop of dense, lumpy crystal clu.sters was obtained, 
but the yield was much less than that given by a i per cent, dcxtiose 
mixture. 

It follows that attempts to detect cane sugar in presence of its con- 
stituent hexoses by comparing the osazone yield in duplicate preparations, 
one of which only has been heated (hexoses alone react slowly in the cold), 
cannot give very reliable results and may be quite misleading. 

The presence of water appears to accelerate the hydrolysis of cane 
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sugar, so that as a little water is present in tissues at the commencement of 
heating, it is quite possible that the reagent is more sensitive to cane sugar 
[n actual practice than the above experiments would suggest. Moreover, 
an acid cell-sap, &c., would assist in the hydrolysis of the cane sugar. 

Maltose, after being heated for an hour, forms a golden yellow syrup 
from which crystals may slowly form. In a mixture containing i per cent, 
of sugar only the syrup was produced, and this appeared in the form of 
a coarse emulsion ; but with a 10 per cent, mixture, after a day or two, 
there resulted a small crop of fairly large, straight, linear-lanceolate, obtuse- 
ended crystals arranged either radially in spherical dusters or in various 
irregular groupings. The yield increased slowly over a number of days. 
Many of the clusters were almost opaque, and their crystalline nature could 
only with difficulty be made out. 

The presence of impurities in the form of various cell contents, 
particularly colloidal substances, probably influences the crystallization of 
the syrupy osazone, and may account for some irregularity in its behaviour 
in plant tissues. 

From observations on the process of crystallization of maltose phenyl- 
osazone in glycerine, it is concluded that the production of a golden yellow 
syrup inside starch-forming cells, or conducting cells of starch-forming 
organs, which have previously been treated with Senft’s reagent, very 
probably indicates the presence of maltose. 

It is suggested that a commonly observed granular appearance of this 
liquid may be due to one or more of the following causes : 

(a) Crystallization of syrupy maltose phenylosazone ; 

(i) Partial hydrolysis of maltose originally present with production of 
dextrose and its osazone ; this may occur during the heating in Senft’s 
reagent, or the maltose may have been undergoing enzyme hydrolysis at 
the time of applying the reagent ; 

(r) Similar hydrolysis of cane sugar present with maltose, and con- 
sequent production of invert sugar yielding o.sazones ; 

((/) Presence of maltose, together with hexoses not produced by 
hydrolysis of disaccharidcs, i. e. ‘ up-grade ' hexoses. 

Maltose appears to retard precipitation of osazone crystals of the 
hexoses ; this effect is more marked with dextrose than with levulose. 

The reagent itself gives no crystals after two or three hours’ heating, 
and if properly filtered in preparation only small traces of .syrup are formed. 
If old, however, or much exposed to air, the reagent alone after heating for 
an hour or so may yield crystalline compounds and syrup after some months 
standing. This docs not occur in properly closed preparations in which 
moderately fresh reagent has been used. The presence of water assists in 
the formation of these products. It is as well to renew the phenylhydrazine 
hydrochloride solution at least once every six months. 
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There is a slight possibility of mistaking for the osazone of rnalto 
other crystals such as those of salts of phenylhydrazine, or of the oxidation 
products of glycerine should these be formed. 

In conclusion, it may be said that when using Senft’s reagent it ij 
advisable to re-examine the preparations from time to time over a period of 
at least four months before attempting to draw conclusions from them. 
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DESCRIPTION OF PHOTOMICROGRAPHS IN PLATE .XVIl. 

Illustrating Mr. Mangham’s paper on the Osazone Method of loc.ating Sugars in Plant Tis>uvS' 

Fig. 1. Osazone crystals yielded by J jrer cent, of levulosc in Serift's reagent .after hiatini; fu 
one hour. Photographed four months after heating, x 114. 

Fig. 2 . Osazone crystals yielded by i per cent, of dextrose in Senft's reagent after healing lo: 
one hour. Photographed four inonlbs after heating. Note feathery edges of crystal cluster;:, n 114. 
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j-i„, 3. Osaione crystals yielded by lo per cent, of cane sugar in .Senfl's reagent after heating 
one hour. Photographed four months after heating, x 114. 

4' yielded by 10 per cent of maltose in Senft’s reagent after heating for one hour, 

t'raphed four months after heating. Many of the masses were almost opaque, x 114. 

^ \ote.— I’ igs- *“4 intended to indicate the relative amounts of osazone produced, but to 

aUrtrate the types of crystal aggregates formed. 

Fig- 5 ' formed after maltose had been heated with Senfl’s reagent. Photographed 

one month after heating, x r/rra 120. 

pig 6. Stages in the Jormalion uf crystals of maltose phenylosazone from yellow syrup, Photo- 
graphed one month after heating, x ana lao. 

“ Pig. 7. An individual crystal cluster of maltose phenylosazonc, showing blunt-ended crystals. 

)■ ana / So. 

Pi-r. 8. Drops of syrup yielded by 2 per cent, of maltose jjhenylosazone, after being heated in 
rrheenne and allowed to cool. Photographed four months after heating, x 500. 

Fi". y. Ptof" a 3 per cent, mixture of maltose phenylosazonc in glycerine, heated and allowed 
to cooC showing drops of syrup and larger ])ale yellow spheres. Photographed four months after 
heating, x 500. 

Fig. 10. From a i per cent, mixture of maltose pibcnylosazone in glycerine after a second 
he.iting. Note the more crystalline appearance of the osazone. Photographed four mouths after 
lie.aling. X IM- 
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‘Brown Oak’ and its Origin, 

BY 

PERCY GROOM, M.A., D.Sc., 

Prof user of the Teilmology of H’ooJs and Fibres, Imperial Colkpe, London. 

T he ordinary heart-wood of certain individual trees of Qiiercus Robur in 
Great Britain is sometimes partially replaced by a firm, richer-toned, 
often reddish, brown wood known as ‘ brown oak ’ or ‘ red oak Such 
wood varies in tint from dull brown to rusty brown, or even to rust-coloured. 
Sometimes it is uniformly coloured, but at other times longitudinal bands 
of more or less normal-coloured heart-wood alternate with deep or bright 
brown streaks, which may include nearly black patches. This latter type 
of ■ brown oak ’ is the so-called ‘ tortoiseshell ' variety. 

Trees possessing 'brown oak so far as is known, show no external 
differences from nornud individuals. This is not surprising as the heart- 
wood is the sole part affected, the remaining tissues being normal in structure 
and apparently in dimensions. In particular the sap-wood .seems to be of 
ordinary size, and the sole evidence suggesting a possible precocious con- 
version of sap-wood into heart-wood is limited to the occasional presence 
of .scanty starch-grains in a few cells of medullary rays in the heart-wood. 
Sonic ‘ brown-oak trees arc stag-hcadod. This condition induced by the 
desiccation of the branches is known to be caused by a number of influences 
that either check the supply of water to the foliage, or induce excessive 
transpiration. The evidence provided later in this paper proves that there 
is no reason to believe that the stag-headed condition of ' brown-oak ’ trees 
is directly induced by the influence responsible for the production of the 
brown heart-wood. 

Gkn’krai. Distkibi tio.n of 'Brown' Wood.' 

In the trunk the brown wood most frequently occurs at the base, 
extends upwards to a variable height, and usually tapers in such a manner 
that it.s topmost portion apparently coincides with the inmost heart-wood, 
hot infrequently, however, in its upward taper the ‘ brown heart ’ becomes 
giadually confined to one .side of the trunk. A special example of this was 

t rir many of the facts conctniiiio llie general tlistriliufion of ' Frown oak ' ni the i lalivldnal tree 
an, indehted to Messrs. Alexander Ilo\v.ird .and Smart Oliver, the funnel or whom illionns me that 
as seen ‘ brown oak ' in a sitecimeii of tfikr. us rtil'ra. 

lAnnais of Botany. Vol. XXIX. No. CXV. July, 1915.I 

D d 
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afforded at Radlett by a tree, whose brown wood at the base of th 
extended (apparently) completely across the heart-wood, then tape 
sharply in an upward direction, becoming at the same time confined t 
side of the trunk, and continuing thus upwards, gradually taperina'"'' 
extinction at an approximate height of 15 feet. 

In connexion with this partially unilateral arrangement may be 
mentioned the interesting case of an oak-tree that grew near a stream 
The bole, only 18 inches in height, gave way to two erect stems, each 
of which was about 18 inches in thickness over a length of 11-15 feei 
The stumpy bole showed ‘brown oak’ on one side only', and the erect 
leader topping that .side also was characterized by ‘ brown ’ wood, whereas 
the other leader springing from the half of the bole possessing normal heart, 
wood contained no ‘ brown oak ’. 

This case leads to the consideration of those pollard oaks in which the 
main trunk includes ‘brown oak’ extending up to the region of inser. 
tion of the branches, which form the multiple leaders of the crown. In the 
majority of cases ‘brown oak’ is contained by only. one or, perhap.s, two of 
the several leaders, and these are inserted above that section of the main 
trunk which is chanacterized by the strongest and richest colour in it.s brows 
heart ; in such cases the remaining leaders show bcart-w’ood normal in 
colour. Yet occasionally all the loaders (five in one case) include rich 
' brown oak 

‘ Brown oak ’ extending npxcards in the trunk is usually arrested by 
extensive knots, and, in any case, a large knot acts as an obstacle. Conse- 
quently, in such cases, large boughs .springing from the side of the Irunkare 
apt to be devoid of ' brown oak ’. The rea.son for this will be at least partly 
evident, when the cause of the browning of the heart-wood is explained later 
in this paper. 

When ‘ brown oak ’ occurs at the base of the trunk it also extendi 
downwards into the main root, where it tapers in the same manner as in the 
trunk. 

Apparently ‘ brown oak ' may occur in uprper pans, including the crown, 
of a tree whose more basal parts are devoid of it. Very ^ignilic.mt in 
relation to the cause is Mr. .\. Howard's statement as follows: ‘it appeals 
probable that in a few cases the brown wood may start from a large knot 
below the crown, and extend somewhat downwards’. Mr. Stiiait Diiver 
mentions one case in which the brown wood extended completely acrosi 
the heart at the base of the bole, and upwards for some lii.'tancc, 
then di.sappearcd, only to recur at a height of 35 feet where the bole 
forked. 

Age of trees possessing ‘ brown oak ’. While on the one hand very old 
oak-trees contain - brown oak’, the minimum age at which the tree can 
acquire it is apparently determined by that at which the heart-wood 
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normally appears. Trees with a maximum diameter of trunk of 12 inches 
frequently contain 'such wood, which is to be .seen in individuals whose 
mjximum estimated age was twenty years. 

' Brrm-oah ’ trees in relation to site. Of oak-trees growing close 
together .some may be normal, and others may be ‘ brown-oak ’ trce.5. For 
instance, at Farming Woods Park, of seven oak-trees close together, only 
one had ‘brown oak ’ ; whereas in a small wood at Stanmorc in Middlesex 
the majority of oak-trees had thoroughly brown heart-wood, others had 
their heart-wood brown to a slight extent, and yet others were quite 
normal. 

PREV10U.S Hypotheses as to the Cause of the Production- 
OF ‘Brown Oak’. 

Up to the present the cause of the production has been unknown, but 
:hrce hypotheses have been put forw.ard assuming th.at it is : 

(i) Due directly to some chemical body locally abundant in the soil. 

(ii) Due to incipient decay. 

(iii) A mere sport. 

fi) The chemical hypotiicsis not only has no evidence in its favour, but 
s rendered improbable b\- the facts concerning the occurrence .side by side 
m the same site of normal and 'brown-oak trees, and concerning the dis- 
ribution of' brown oak in the individual tree, and especially those cases of 
Is unilateral or discontinuous distribution in the trunk. The chemical 
lonstitucnt frequently suggested is iron. Publislicd analyses show that 
roil may be feeble or abnormally abundant in the wood, and yet this may 
le norra.il. An analysis conducted in tlic Chemical Laboratory of the 
mperial College also shows that the amount of iron in ‘ brown oak ' does 
lot necessarily exceed that in normal heart-wood. The following was the 
esult of the analysis; 


. l>pu '(}f F.\ 

Norm.il heart-vs-CKHl % o-oi % 

I- 0‘f % c-oi % 


(2) Incipient decay ha.'^ often been suggested as the cause of the 
ppcaraiitc of ‘ brown oak Such a view seems to impl)' that the browning 
'1 the heart-wood is an early st.agc of a process which culminates in the 
oUiilg .and disintegration of the aftcctcd wood. Calculated to arouse such 
suspicion .irc the following facts: Frcsltly felled ‘brown-oak’ trees often 
uow the brown heart in a condition of decay, or the trunk partly hollow, 
kcasioiiall)', at the base of such trees, the heart-wood up to a height of 
om 3 to 6 feet is converted into a mass of wood rendered white by decay, 
Wlc above this is firm and hard typical ‘ brown oak ’. L'inally, an intcr- 
‘^'''1 significant fact is mentioned by Mr. Alc.xander Howard, namely 
D d 3 
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that often it is found that ‘brown-oak’ trees have lost their tap-root, whojj 
functions are carried on by massive lateral roots. 

Not one of these facts indicates definitely that the influence causing the 
rotting of the wood is identical with that causing the heart to become ‘ brc^ j 
oak The facts merely indicate that in the case of these trees with rotten 
heart-wood, there are facilities for the entrance, through wounds, of fun ' 
capable of attacking heart-wood of the oak, and that in certain cases those 
facilities are especially marked near the base of the trunk and roots h 
the sequel it will be possible to discuss if the cause of browning and rottisg 
of the wood is the same. 

Deepening in the colour of wood, such as is undergone by alder, or by 
the heart-wood of larch, pine, and other tree.s, on exposure to air and lial; 
is assumed to be of a purely chemical nature, and at least often i,s due to 
oxidation (which is also l.argely respon.siblc for the change of lint in sap. 
wood that is being converted into heart-wood). But, with the exception of 
the still unexplained cases of the ‘ red heart ’ of beech and of French oal 
(C/ic«^rr)?rfc),considerablcdcviations from the normal colourof the heart-wood 
are invariably due to the action of fungi. Yet no observer has recorded 
the presence of a fungus in firm ‘ brown oak ’ that shows no macroscopic 
symptoms of decay. And again.st the suggestion that a fungus or b.tctcriiia 
is responsible for the replacement of normal he.arl-wood by ‘brown oab .b 
the fact that good' brown oak’ is to the timber-merchant or builder strenj 
hard, sound wood, responding to tools as docs normal oak timber. It is tret 
that species of Ccraiostoviclla — for instance C. Pint — living in the sap-wood 
weakens the wood little or not at all, as its attack on wood-substaiiceii 
slight; but in this case the fungus feeds on the carbohydrate and proidd 
food of the medullary rays and wood -parenchyma; such food is not generally 
available to any fungus living exclusively in heart-wood. 

Therefore there was no adequate reason for believing that ' brown oaV 
owes its origin indirectly to a fungus or other foreign organism, or is the 
first step in a process of decay. 

(j) The third hypothesis, namely that ‘brown-oak ' trees arc mere .sports, 
can be dealt wnth only after the evidence supplied in the .sequel. Yet it 
maybe pointed out that on such a hypothesis the occasional uneven distribc- 
tion of ‘ brown oak ’ on the same site or in one and the same tree wosic 
find analogies in connexion with some tropical trees, including ebonies ic.g 
Diospyros Kurzii and D. Melanoxyloit), whose true dark heart-wood show; 
similar varied development. 

True Cause of Production of ' Brown O.vk ’. 

As it seemed possible that the reason of our ignorance as to the cause ol 
the production of ‘ brown oak ’ lay in the lack of any microscopical observa- 
tions at the critical stage of its origin, I secured specimens of wood of freslii)' 
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felled ‘ beown-oak trees. These came from different districts and were 
kindly supplied by Messrs. William Oliver & Sons, Messrs. Bradley, and 
pr. Eorthwick of K dinburgh. Two of the three specimens clearly showed 
nood in the process of conversion into ‘ brown oak ’. Those specimens 
proved that ‘ brown oak ’ is confined to the heart-wood, and is not produced 
try a change in the sap-wood, but first passes through the stage of being 
normal kart-mod. The first visible macroscopic change is a superposition 
of 11 yellow coloration on the normal colour of the heart-wood ; this is 
succeeded by a deepening of lint until the full-coloured brown stage is 
attained. With the naked eye in one specimen (Oliver's) it was possible to 
see that the browning took pl.ace in the heart-wood along longitudinal 
strands, causing the wood to be brown-striped in longitudinal section, and 
dotted with brown islands in transverse section. 

Proof of the presence of a living fungus in the heart-wood 
during conversion into ‘ brown oak ’. 

Pieces of the freshly felled wood were placed under running tap-water 
for 6 -ia hours, and then placed above water in .sterilized potato-dishes, 
From the e.xposcd transverse section (ture white fungal hyphae grew forth, 
almost e.xclusively from regions of the heart-wood, where conversion into 
‘brown oak ’ was in progress. No h)-phac came from the sap-wood. The 
Edinburgh specimen showed a solid core of ' brown oak and practically 
no normal heart-wood ; the hyphae thus emerged from the periphery of 
the ‘ brown oak ’ in close vicinity to the sap-wood. Hut Oliver’s .specimen 
.showed in .succession within tlie sap-wood a layer of normal heart-wood, 
one of brown-striped heart-wood, and a solid core of ‘ brown oak Accord- 
ingly the hyphae emerged solely from the periplicry of the solid core, and 
also from the brown strips and pcriplicrics of these in the .■•triped wood. 

The whiteness of the colour of the hvphac (apart front their distribution) 
indicated that the)' belonged to a fungus or fungi living in the wood, and 
did not result front accidental infection. To conlirm this, otlier specimens, 
after treatment with running water, were e.\tcnial!)' sterilized b)’ means of 
an alcoholic solution of corrosive .-ubliinatc. and were subsequently washed 
with sterilized water : yet the rc.siilt was the same. 

The white h)'phae sub.scrpicntly often became golden or taw iiy if they 
dried and remained sterile. Otherwise numerous green conidiophores soon 
arose, and resembled those of PeniciUiuui. Later the conidiophore.s .some- 
times assumed a warm-bronze tint. 

Artificial production of ‘ brown oak 

In order to test the effect of the fungus on normal heart-wood, small 
cubical blocks of the lallerwcre piled on top of one another in wide test-tubes, 
■'rlerilized by steam, and infected by conidiaof the fungus. The test-tubes were 
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kept upright, and in some cases the plugs of cotton-wool were covered wit), 
caps of tin-foil. At the bottom of the tube was previously sterilized 
containing spores that had not adhered to any of the blocks. This arrange 
ment ensured to the different blocks different degrees of moisture, the 
supply of moisture increasing from above downwards, the lowest bloch 
being permanently partly immersed in water. 

The blocks in the middle of each column in the tube had the medium 
amount of mobture, and it was they that assumed a brown colour similar 
to that of ‘brown oak’ (in fact very similar to Messrs. Oliver’s specimen) 
but varying towards that of fumed oak. The blocks partly immersed in 
water, and those at the top of the column in tubes, when no tin-foil caps were 
used, showed little or no change in tint. The brKvn colour was assunui 
therefore only when the heart-wood contained moisture exceeding a trrlaiii 
minimum, and falling short of a certain maximum. Such is one of the 
conditions of development in wood of all wood-destroying fungi. 

In a second series of cultures in which larger boards of heart-wood 
were used, and the precautions against the intrusion of foreign organisms 
were le.ss rigid, the boards showed the successive characteristic changes of 
tint from yellow to brown, including small patches of the rich brown of 
genuine ' brown oak ’. 

Distribution of the mycelium in the wood of the tree. 

The colour of the hyphac emerging in culture from browning oak, tee 
definite localization of these emerging hyidiae, ami the artificial production 
from hcart-rvood of wood simul.ating ‘ brown oak all point to a causal 
conne.\ion between fungus and browning process. This view is strengthened 
by the distribution and nature of the mycelium in the wood of the standing 
tree, flyphae are absent from the sap-wood (and tissue outside itt and 
from parts of the normal heart-wood disttint from the brown wood ; they 
occur in an active living condition in regions of the heart-wood where 
conversion into brown wood is taking place, and, lastly, are present, mainly 
at least, in a dead and disguised form in ‘ brown oak ’ that has attained it- 
final yet firm condition. The fact that iu the matcirc brown oak the 
mycelium is wlioliy, or possibly nearly wholly, de.td causes one to doubts 
the decay observed in ‘ browai oak ' is due to the stime fungu- ; anu 
additional reasons for this doubt will be given Later iu this paper. 

Structi:re and Dkvi.lopme.nt oi' Brown Oak’. 

(a) Sap-wood. 

The structure and contents of the sap-wood are normal ; starch war 
particularly abundant in the parenchyma, thyloscs, and medullary rays. 

In the sap-wood, normal and brown heart-wood, many fibro-tracheides 
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possessed a thick internal layer of the wall that assumed a faint lilac tint 
„.ith iodine, a blue colour with iodized chloride of zinc, and refused to 
jnsjver tests for lignified walls. The occurrence of this wall-layer in the 
sap-wood proves that in the ‘ brown oak ’ its lack of lignification is not due to 
fungal attack. 

(h) Normal heart-wood. 

The heart-wood near the sap-wood differed from this by the almost 
complete lack of starch (remnants of which occurred in isolated ray-cells 
and in thyloses of the large vessels), and by the abundance of tannin 
not only in all kinds of parenchyma, but also in the walls of the con- 
stituent;, especially the fibro-tracheides, thyloses. and to a less extent ray- 

parenchyma. 

(i) Brown heart-wood. 

The ' brown oak ’ showed the same general distribution of tannin as in 
the normal heart-wood. But it also contained not only solid, including 
brown, substances in various constituents of tbc wood, but also hyphac. 

For the purpose of cutting .sections, the wood was softened by treat- 
ment with 50 per cent, commercial hydrofluoric acid (after being boiled and 
cooled repeatedly in water) and the wood blocks were eventually kept in 
a solution of glycerine, alcohol, and water. The sections were further 
treated uith water if mounted in glycerine jell)-, and. if mounted in Canada 
balsam, were for a time immersed in absolute alcohol and .\ylol. 

After such drastic treatment normal heart-wood had almost or entirely 
lost its tannin, and showed no solid nor coloured contents. ‘Brown oak’, 
on the contrary, even in its incipient stage .still showed tannin in its walls 
and in certain solid brown bodies tliat occurred in various structural con- 
stituents. These brown bodies agree in reactions with the so-called ‘wood- 
gum’ or ‘wound-gum ’ of wood. 

I. The substance is insoluble, and doc; not swell appreciably in water, 
alcohol, xylol, concentrated hydrochloric acid (lu hours), concentrated 
.sulphuric acid (1: liours), equal part; of concentrated ammonia and caustic 
pota.di solution (li hours), nor successively in the last named and strong 
hydrochloric acid. (In the ca.sc of bioun oak that liad reached its final 
condition and was treated with concentrated sulphuric acid, there seemed to 
emerge from the brown bodies in quc.stion bubble-like drops of a colourless 
sub.stancc. These drops were probably derived from fungal ht phae con- 
ce.ilcd within the brown .substance.) 

I. W ith phloioglucin and hydrochloric acid the brcnsii substance sone- 
tiracs assumed a carmine colour and lluis agreed with tc'pical wood-gum, 
hut eten in such cases it refused to respond to Maulc's test for lignification ; 
in other cases it remained yellow with phloroglucin and hydrochloric acid. 
Possibly the sub,stance is never lignified, and owes its occasional response to 
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the phloroglucin test to the presence of one of the number of substances 
capable of causing the carmine coloration. 

3. The substance is singly refractive. 

As the chemical nature of such wood-gum (in wound-wood, true heart, 
wood, and false heart-wood) is unknown, and as it is not wood and there is 
no evidence that it is gum, in the sequel the substance in question will be 
termed ‘ the brown substance 

Tannin is present in the brown bodies under discussion. To it; 
presence they owe their blue-black coloration in ferrous sulphate, and deep 
staining in methylene blue, lactic blue ; also their deepened and lightened 
tint in caustic potash and hydrochloric acid respectively. But tannin is noi 
an essential part of the substance in question, as parts of one and the saitif 
brown body are respectively devoid and [rosscs-sed of tannin. 

As the term ‘ tannin ’ is here used merely to indicate a substance that 
responds to the test for certain lannin-bodics by assuming (in this easel 
a blue or blue-black colour with ferrous sulphate, it follows that the tannin 
present in the brown heart-wood is cither different from that of normal 
heart, or if identical is in larger (lunntity, or is held more firmly by the 
walls (and brown substance). The second possibility is e.xcludcd by the 
analysis given later in this paper. 

Biology .\xd Kffkcts of the I-'un'cus. 

For the sake of cleanies.s, the succeeding description refers to wood 
that had been subjected to the treatment (boiling, hydrofluoric acid, and so 
forth) which has been described, and which had removed the tannin more 
or less completely from cells not changing nor changed into ‘ brown oak’. 

(a) Heart-wood of normal colour. 

Immediately within the normal heart-wood (devoid of hyphaci to 
a region of the same colour and for the most part free from hypliac. \ci 
here and there showing some of these in ves.scl.s and wood-parench)ma. 
These hyphae were often dotted with glistening globules, but no masses of 
‘brown substance’ occurred. Nearer to the more central ‘brown oak the 
main mass of the wood was devoid of hyphae and brown substance, thoigli 
both of these showed (in tangential sections) sporadic patches of cells in the 
medullary rays containing hyphae and the ‘brown substance’, which :oii 
yellow. 

Still nearer to the ' brown o.ak ' the heart-wood, cither normal or more 
yellow in colour, showed hyphae and brown substance arranged in longi- 
tudinal strands, and in some medullary rays, while the remaining tissue was 
normal in contents. This distribution of hyphae and brown substance m 
longitudinal strands thus is preparatory to the later stage already described, 
in which the wood is traversed by brown stripes. Both are due to the fact 
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hat the hyphae advance most rapidly in a longitudinal direction in the 
’,jssels and circumvasal tissue, which form radial series. In a transverse 
plane advance of the hyphae is most rapid in a radial direction by means 
of the medullary rays. 

These facts, including the slow advance of the hyphae in a tangential 
(lirection, help to explain the eases where the ‘ brown oak ’ advances and 
tapers from the base of the trunk upwards, or where it becomes restricted 
to one side or one of two stems in a double-stemmed oak, though in the 
first case the taper of the heart-wood it.self may intervene. Further, the 
mode of advance of the fungus (coupled with the very feeble power that 
the fungus has of attacking lignified walls) at least partially accounts for the 
obstructive influence of large knots. 

(/i) Brown heart-wood mainly in the form of longitudinal strands. 

In this stage and the preceding one in which the hyphae and brown 
substance are in strands, though not clearly marked to the naked eye, all 
steps in the advance of the hyphae and in the manufacture of the brown 
substance arc to be seen. Both .stages will therefore be described together. 

The advance of the hyphae along the medullary rays was revealed 
especially clearly in the normal-coloured heart-wood in places where hyphae 
and brown substance were abundant in the ray, but absent or scanty in the 
neighbouring vessels, tracheides and parenchyma. In the rays the hyphae 
run mainly in a transverse radial direction, pa.ssing through the copious pits 
of the terminal cell-walls. Yet here and there they emit branches to the 
tissue on their flanks ; for often the wood-paicnehyma in the immediate 
vicinity of infected ray cells also contained h\-phae and brown sub.stance, 
whereas wood-parenchyma tangentially more remote lacked these. 

In uniseriate and mnltiscriatc rays alike the cells containing the brown 
substance always entertained hyphae, which could be traced farther out in 
the ray toward.s the normal wood than could the brown substance. With 
this e.xception very few of the colourless ray-cells in the infected region 
contained hyphae. These fact.s show that the brown substance is the effect, not 
the cause, of the pres, nee of hyphae. In the medullary rays of the Edinburgh 
specimen the hyphae extended outwards approximately to the same distance 
as the fir.st granular traces of the brown substance. 

/« the vessels, traeheuies, and wood-parenchyma the coia-se of the hyphae 
!s generally longitudinal. Con.scqucntly in transverse section there are 
i-solatcd islands of ves.scls and surrounding tissue containing hyphae and 
brown substance. The actually contiguous uniseriate rays may be devoid 
of hyphae or contain these only where the ray actually crosses the infected 
island. Traced further outward such a ray is devoid of hyphae until 
another infected island is touched, when hyphae may reappear in it. Thus 
as they travel along tlie ve.sseLs and circumvasal tissue hyphae can infect 
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rays at successive levels. Such a mode of infection was particularly clear in 
the case of multiseriate rays, which crosiied infected strands of vessels and 
showed hyphae and brown substance merely in their sides towards the 
infected vessels. 

Occasional hyphae were seen running tangentially in tracheidcs to or 
from other tracheides and a medullary ray. 

(i) Production of the brown substance. 

The following stages were observ'ed in the hydrofluoric-acid material; 

1. Hyphae entering colourless parenchyma cells or vessels were studded 
with glistening globules. And in the Edinburgh material such was the case 
with parts of the hyphae freely traversing the lumen of the cell, and not in 
contact with the cell-wall. 

2. Cells showed granular colourless, or very faintly yellow, contents in 
proximity to the active intracellular young hyphae. 

3. The contents were definitely yellow, in larger quantity, and formed 
a homogeneous hyaline mass surrounding the iiyphae. 

4. In the final stage, as seen in completely ‘ brown oak the substance 
is definitely brown, present in still greater quantity, and may fill the 
parenchyma-cell, e.xcept where it is permeated by dead, often almost un- 
recognizable, hyphae, which are separated from it by a clear space. 

These stages indicate that the brown substance is deposited outside the 
hyphae as colourless globules, which later increase in number and undergo 
some change so as to give rise to a yellow mass of granules or globules; 
these in turn remain in or assume a colloid condition to form eventually 
a homogeneous solid mass of constantly deepening colour. The appearances 
presented sugge,st that the substance is excreted by the fungus, but an 
alternative suggestion is given in the sequel where the food of the fungus 
is discussed. 


(d) An additional plugging substance. 

Mention must be made of an entirely different solid substance ol 
unknown nature present even in the material, subject to treatment with 
hydrofluoric acid and so forth. This substance, granular in nature, when 
seen in thin sections often showed a yellowish tinge, but when seen in 
thicker masses was dark and opaque. Its occurrence and distribution were 
independent of those of the hyphae. It occurred in normal heart-wood an 
abundantly as in brown heart-wood. In distribution it was localized, often 
being found in longitudinal* strips, especially in wood-parcnchym.'i and 
ordinary tracheidcs, but also in the adjoining thick-walled fibro-tracheide'- 
In such cases it was present in the uniseriate rays traversing the .strip solely 
where the former crossed the latter. 
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{e) Action of the fungus on lignified walls. 

The effect of the fungus on the mechanical strength of the heart-wood 
Is so small that ‘ brown oak ‘ is an excellent material for panelling and 
furniture. This corresponds to the fact that the fungus attacks lignified 
walls as visible structures feebly and slowly. It appears to pass from one 
(,jll or vessel to another solely through the pits. This was particularly 
evident in the case of hyphae traversing the terminal walls of wood- 
parenchyma and ray-parenchyma; and cases were observed in which 
1 hypha on reaching a spot on the wall where no pit occurred executed 
a bend and so reached the nearest pit. 

The constituents of the wood for the most part retain not merely their 
visible structural integrity but also their lignified condition. Yet the fungus 
has some power of delignifying wood. Here and there where two vessels, 
or a vessel and a tracheide, or two trachcidcs, were in lateral contact, the half 
of the wall belonging to the constituent containing hyphae gave a cellulose 
reaction in the vicinity of these, but a lignified reaction on the side towards 
the constituent devoid of fungi. In a more advanced stage of attack the 
wall was locally delignificd throughout its thickness. This restricted power 
of dolignification appears to begin at the pits, for the section of a wall 
separating two tracheae sometimes showed alternate minute patches of 
cellulo.se and lignified substance, each patch embracing the whole thickness 
of the wall. Kach cellulose patch probably corresponded to a pit whose 
plane lay outside the section. Occasionally thin sections showed real 
gaps in the walls separating two vessels, although I never succeeded in 
proving be)'Ond doubt that these were due to the fungus, and not to the 
razor. Probably owing to its weak power of attacking lignified walls, and 
its exclusive or nearly exclusive passage through pits, the fungus occurs very 
scantily in fibro-tracheidcs. 

(/) Source of nutriment of the fungus. 

As the fungus is confined to the heart-wood, and makes so slight an 
attack on the visible structure of the lignified walls, the question arises as to 
the source of its fooil. Available arc: in the lignified walls, pentosans 
(xylan and so forth), pcctic bodies, glucosides, and tannin, as well as the 
cellulose and substances causing the ‘ lignin ' reactions. Tannin is also 
available in lumina of the parenchyma, including that of medullar)' ra)-s, 
and thj loscs. Whatever be the precise food substances utilized, the metih'd 
1/ HHtrition of this fungus is mn\ l. so far as our present knowledge is con- 
cerned, though the future will probably reveal other wood-inhabiting fungi 
of similar feeding habits, possibly associated with the inception of firm 
wound-wood or firm false heart-wood.’ 

’ Sec It. Miinch, ' Cber kraiikll.nUc Kciiibiktun;; ’. Xalunviss. Zeiucli. f. Foret- uud 
tandwirtschaft, 1910, Heft 11. 
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Several sets of facts favour the view that tannin is nseii ns 
material. 

I. An analysis of ' brown oak’ compared with the normal heart-wnod 
showed that the latter contained and the former 10-05 pef cent, of 
tannin. This would represent a loss of nearly 25 per cent, of the original 
tannin. But in the absence of analyses of oak timber at different depths 
inwards in ordinary heart-wood, it is conceivable that the smaller amount in 
the brown oak is not due to the fungus nor associated with the ‘ browning’, 

3. The distribution of the fungus and tannin are of significance in this 
connexion. (For purposes of observation the wood was softened by dilute 
glycerine, induced to enter by means of an exhausting air-pump ; no heat 
was applied.) 

In the fully brown heart-wood tannin was generally diffused in the 
lignified walls, but especially in the lumina of the wood-parenchyma, 
thyloses, and cells of the medullary rays. In all uniscriate and miilliseriate 
rays there was tannin, which often rvas most abundant in the marginal cell,! 
and lacking from many other cells. It was in all throe forms of parenchyma 
that the hyphae and brown substance were also most abundant. In one 
and the same cell frequently parts of the brown substance contained tannin, 
which was absent from other parts of the same mass in the same cell. 

In regions where conversion of the heart-wood into ‘ brown-oak ’ was 
taking place some of the cells of the wood-parenchyma and Tncdullaiy rays 
were poor in tannin, or devoid of it, and at the same time free froir. 
hyphae; whereas contiguous cells in the same tangential or radial .‘ieries 
contained hyphae and richer stores of tannin. Again, in some cells there 
was no tannin except a thin film in (or on ?) the hyphal wall, or isolated 
minute droplets studding the hypha, which sometimes also traversed 
a larger globule of tannin : in these cases the tannin stained unusually 
light blue (a somewhat dark cobalt-blue) with ferrous sulphate, yet was 
sufficiently concentrated to stain deeply with lactic blue. 

The.se facts are all capable of two opposed interpretations, namely tha‘. 
the hyphae consume or excrete tannin. The view more consi.^tcnl with 
evidence derived from other sources is that the hyphae preferentially enter 
tannin-containing cells, and coii,siime the tannin until in the ab.scncc of frc.-li 
supplies tannin is so reduced in quantity as to be a dilute solution in the lorn’, 
of a film or minute globules on the hypha. After that .stage the teimin 
may be wholly absorbed. But in addition to the tannin present in the fch,‘, 
there is that in the walls ; this may be liberated from the wall by the solution 
of some ingredients in the wall or by water or a solution excreted by the 
fungus, and may be deposited in the accumulating brown substance. 

This view that the fungus feeds at the expense of the tannin is 
strengthened by cultures made of the fungus in solutions of tanmn. Com- 
dia of the fungus were sown in 0-05, 0-25, o-j per cent, solutions of commercial 
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(^jjnin (which is not identical with the tannin of oak wood). When bacteria 
were excluded vigorous submerged mycelia developed, but the solutions did 
not darken in tint. When the mycelia were accompanied by bacteria, 
derived from cultures from the original wood, the solutions darkened. 
Inside ‘ brown oak ’ I failed to find any bacteria. 

Idkntitv ok the Fu.vgus. 

Repeated trials as to the source of the Penicillmm-X\Vii conidiophores 
emerging from incipient ' brown oak ’ showed that these belonged to the 
fungus causing the process of browning. This was confirmed not only by 
the physiological action of the mycelia in cultures made in oak heart-wood, 
but also by the occurrence of minute Penkilliuiii-WVt conidiophores in the 
narrow vessels of the intact ‘brown oak ’. 

As regards other stages of the life-history of the fungus, I did not 
succeed in obtaining by means of cultures derived from conidial infections 
any other stage. But from tlic regions where the hyphae were still active 
on saraplc.s of the ‘brown oak’ from England and .Scotland there were 
produced little spheroidal brownish-yellow fructifications, whose diameter 
did not exceed that of lulf a pea-seed. These appeared to belong to the 
Plectobasidiinae. Being unable to identify these, I submitted them to 
Mr. George Masscc, who states that tiicy are the basidiocarps oi Mdanogaskr 
varifgtitiis, Tul., var. brooiniiviiis. Berk. 

SVMM.VKV. 

In certain individual British oak-trees (Qucn'iis Robnr ’) the ordinary 
heart-wood is partially replaced by a rich-toned, often reddisli, brown wood, 
which is firm and hard, and is termed ‘ brown oak ’. 

Under the influence of a septate fungus living exclusively in the heart- 
wood normal licart-wood is changed in ‘ brown oak ’. The fungus therefore 
presumably infects solely, tlirough a wound, trees sufficiently old to possess 
heart-wood. 

‘Brown oak’ usually occurs at tlic base of the trunk and the adjoining 
root, and generally tapcr.s upwards in the stem and downwards in the root, 
But the fungus can gain entrance to upper parts of the tree and so produce 
in thc.se regions masses of ‘ brown oak ’, even in individuals devoid of it in 
their lower parts. 

Ihe fungus in the infected ti.ssuc is rcspoasible for the production of 
a brown substance (or brown substances) Irighly resistant to solvents and 
responding to the reactions of the ill-defined material termed ‘ wound-gum ’ 
or ‘wood-gum’. This arises in the form of colourless or faintly yellow 
globules or granules, which eventually aggregate to form brown masses in 

‘ This name is used in its main historic sense as including p. /cuH/t. h'.iIh and Q. 
tram whicli of these species my m.itcnal was derived, and the extent to which ‘ brown oak ’ occurs 
■n tile two, are unknown to me. 
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the cavities of the wood-constituents. The change of tint of the heart. 
as a whole and the production of the brown substance in the individual cells 
definitely succeed the entry of the hyphae. Artificial infections of fragnicnts 
of normal heart-wood caused this to assume colours approximating to or 
agreeing with those of true ‘ brown oak’. 

The fungus (and colour change) advances most rapidly in a longitudJuj] 
direction along the lines of vessels and circumvasal tissue, and in a transverse 
direction along the medullary rays; the advance in a tangential direction is 
comparatively slow. These facts find at least partial explanation, first in 
the extremely limited power of the fungus to attack and delignify lignified 
walls, and in the consequent advance from constituent to constituent 
exclusively through pits or pores : secondly, in the circumstance that the 
fungus thrives particularly' in parenchyma (wood and ray) in which it runs 
mainly in the direction of the long axes of the cells, passing out through 
the numerous pits in the terminal walls. 

Among the consequences of the mode of advance and limited power of 
dealing with lignified walls are the following: 

(u) ‘ Brown oak’ can remain firm and hard in the tree for a long time, 
And since the mycelium of the fungus concerned in mature ‘brown oak’ is 
largely, if not entirely, dead (even though conidia may occur in it) there is 
no reason to believe that the obvious decay of • brown oak ’ occurring in some 
cases is due to this fungus. Such decay' may be induced by other wood- 
destroying fungi that attack normal heart-wood of the oak. 

(b) In early stages of conversion of heart-wood into ‘ brown oak' the 
latter is seen in its incipient condition as longitudinal darker bands traversing 
normal coloured wood. This condition is reflected in and explains the 
tortoiseshell variety of mature ‘ brown oak ’. 

(c) The advance of the process of browning is arrested or obstructed by 
large knots, though burr-wood with numerous small knots may be cu)i;- 
pletely brown. 

(if) Associated, at least partly, with the limited power po.s.scs.scd by the 
hyphae of advancing in a tran.svcrsc and above all in a tangential direction, 
are the cases where brown oak becomes limited to one side of a stein, or to 
one or two among .several ‘leaders' into which the infected trunk divides. 

The source of the food of the fungus constitutes a complex chemical 
problem at present insoluble by microchcmical methods. That tannin is 
one of the sources is suggested, first, by the development of the fungus 
particularly in tannin-containing constituents of the heart-wood ; secondly, 
by the power of the fungus to obtain all its essential organic food from 
commercial tannin; and, thirdly, by the smaller quantity of tannin in ' brown 
oak ’ than in the adjoining normal heart-wood (of the one specimen 
investigated). 

The fungus responsible has conidiophores closely resembling those cl 
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Pcnicillium. On incipient 'brown oak’ of Oliver’s and Borthwick’s 
specimens there eventually were produced small spheroidal basidiocarps 
ffhich Mr. George Massee identifies as Melamgaster varicgatiis var. 
hminiMius. The identity of the conidiatc fungus with that of the 
basidiaf*^ one was not established by pure cultures. If, however, the wholly 
or partially subterranean species of Melamgaster in question is the fungus 
responsible, infection by hyphae or spores through a wound in or near the 
root would appear to be especially sinjple, and might be partly responsible 
for the preponderance of ‘ brown oak ’ near the base of the tree. In this 
connexion may be mentioned the fact that the main root of ‘ brown-oak ’ 
trees is often found to be destroyed. 

That the production of ' brown oak’ is not due to the direct action of 
a particular chemical ingredient of the soil is proved by the distribution of 
this wood in the individual tree as well as by the occurrence side by side 
of normal and ‘ brown-oak ’ trees. 

In conclusion I express my thanks to Professors H. Rrercton Raker, 
F.R.S., and J. F. Thorpe, P'.R.S., for .securing quantitative estimations of 
the iron and tannin respectively, and to Mr. W. P. Rial for performing the 
analysis in the case of the latter; to Messrs. Ale.xander Howard and 
Stuart Oliver for valuable information ; to Messrs. Rorthwick, Bradley, and 
E, T. and S. Oliver for kindly supplying fresh specimens ; and to Mr. George 
Massee for his identification of the fungus. 


APPENDIX. 

Bv Mr. W. P. Rial. 

Tannin in Oak heart-wood. 

The wood was t.akcn in the form of fine shavings across the grain : 

9 grammes of this were placed in an extracting apparatu.s and extracted for 
1 hour with 2ij c.c. water. The residue was then extracted for another 
hour with j c.c. water, and at the end of this time a few drops of the 
liquid which was passing through the wood were tested with FeCl . and found 

10 contain no tannin. The extract was placed in a jco c.c. measuring 
flask and made up to 500 c.c. 

This was done for both specimens in a similar manner. 

The tannin present was estimated bytlic method used at the \orkshire 
College. 

25 c.c. of ail indigo carmine solution are .added to ;,|0 c.c. H.^O and 
KMnO, added until a pure yellow colour is obtained. 

The titration is then carried out in presence of ,vc.c. of tannin extract, 
and also in presence of 20 c.c. of pure tannin solution. 
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Results, 


Jj c.c. indigo solution required 


4,V9 

44 


•9 

•I 


44'0 c.c. KMno^ 


„ C.C. extract ordinary oak d;.j c.c, 

„ + „ „ brown „ 6 i.j „ J 

+ 20 C.C. pure tannin solution 6 i'j „ 

The pure tannin solution was made by dissolving O'liiS grrn. of 
tannin in water and making up to ijo c.c. 

30 c.c. pure tannin solution -* 61-5 — 44-0 = 17-5 c.c. KMnO, 

^ *0 .iiiS 

i.e. I c.c. KMnO^ 


pure 


'7-5 


grrn. tannin. 


= 0.000,51 grin, tannin. 

5 c.c. ordinary oak extract — ♦ d;-,', — 44 = 33.5 c.c. KMnOj 

23-.', C.C. KMnO, -► 23.5 X 0.00031 grin, tannin, 
.•.500 c.c, „ „ X 100 X 0.00031 gnn. tannin, 

and this is contained in 9 grm. of wood. 

., . 33.'. X loox o.oooi;i 

.'. % tannin = x 100 

9 

= 

3 c.c. brown oak extract —* 61.7—44 = ' rl c.c. KMnO, 

17.7 c.c. K.MnO^ -» 17.7 X 0.00031 grm. tannin, 

.'. 300 c.c. contain 100x17.7x0.00031 grm. tannin, and this is con. 

tained in 9 grm. wood. 

„ . 17.7x100x0.00051 

.'. /, tannm = — — x 100 


10.03. 



Qn the Structure and Development of the Secretory 
Tissues of the Marattiaceae. 


CYRIL WEST, B.Sc., F.L.S. 

With Plate XVIII and fourteen Figures in the Text. 

T he Marattiaceae are characterized by the possession of secretory 
tissues of two kinds, tvhich have been called mucilage-canals, and also 
cells or ducts containing tannin. Owing to their prominence in this group 
of herns these tissues have received the attention of many botanists, the 
first reference to them appearing as e.arly as 1847 , when Karsten (11) 
observed mucilage-canals in tlic stem, leaves, and roots of the Marattiaceae 
and suggested that the cells bordering on thc.se canals took part in the 
secretion of the mucilage. 

Harting (T) di.stinguishcd between the ramifying canals with a definite 
epithelium of small cells and the simple intercellular canals which he 
observed in a doubtful species of Aiigio/<trns. 

Two kinds of mucilage-canal were also described and figured by 
Frank (10), wlio contrasts those which occur in the outer thick-walled tissue 
of the petiole of Aiti^ioplcris with those which are found in the inner 
thin-walled tissue. To the former he ascribes a Ij-sigenous origin, but to 
the latter, which arc widc-lunicned and are lined with an epithelium of small 
iso-diametric cells, he attributes a sebizogenous origin. 

A.s a result of his invcstig.itions on species of Aagufti-ris and of 
.l/iiraff/ir, Trecul (;2]) arrived at a very similar conclusion, but maintains 
that the secretory elements in the fibrous /.one of the petiole consist of 
a scries of superposed large elongated cells containing tannin, while the true 
mucilage-ducts, although they arise schi/.ogcnou.sl}'. possess onl v a transitory 
epithelium. 

Van lieghem (20) found both mucilage-ducts and tannin-sac.s in 
the root and petiole of MaiiUtux hirAs. According to this author the 
former (niucilagc-duct.s) are lined with an indefinite eprithciiiim of small 
mcgular cells, from which the mucilage is derived. He adds, however, that 
hcie and there the ordinary large cells of the cortc.'c abut directly upion the 
canal. In tlm root of Atif^uflcris cvcila no inucilagc-canals were found. 

Annals of Botany, Vol. XXIX. No, CXV. Jnly.1915.] 
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Russovv (18) accepted Frank’s explanation of the development of t; 
kinds of canal, which arise by a schizogenous and a lysigenous pm ° 
respectively. 

In the course of his investigations on the anatomy of the Marattiaceae 
Kiihn (13) gave an account of the lysigenous development of the mucilage 
canals in the roots of Angioptcris, Maratiia, and Kaulfussia. 

But the first comparative account of the development of the niucilagj 
canals of the Marattiaccae was published by Brebner (2), who arrived 
at the conclusion that they arc schizogenous intercellular spaces, which 
develop much in the same way as the well-known resin-canals of 
Hcdera, &c. A well-defined living .secretory epithelium is generally 
developed around these intercellular spaces. In a more recent communi- 
cation (3) this author still maintains this view. 

Lutz (14) published a full account of the development of the mucilage, 
canals in Aiigioptcris eeecta and in Marnttia fraxinea^ var., and attempted to 
reconcile the conflicting statements of the earlier investigators. This botanist 
distinguished between the typical mucilage-canals, which develop schizo- 
gcnously, and a second type of mucilage-canal, which arises by the solution 
of the terminal parting-walls of rows of tannin-cells. The t.anninifeious 
contents of the latter are s.aid to be gradually replaced by true mucilage.' 

Farmer and Hill (9), on the other hand, ascribed a lysigenous develop- 
ment to the mucilage-canals which occur in the young sporopbyte of 
A ngioptcris cvccia. 

In his well-known memoir on the Bsaronicae and Marattiaceac 
Rudolph (17) alludes to and figures (l.c., p. 196 , Taf. iii, Fig. lo) both 
types of secretory tis.sue described by Lutz. 

Campbell (4) observed lysigenous mucilage-canals in the stem of 
Danaea cUiptica and of Datmca jtumani, but states (l.c., p. iSi) with 
reference to Kaulfussia that the ly.sigciiou.s origin of tlic canals is le,'S 
evident than in Danaea, while it is not impossible that they may sometime.^ 
be of schizogenous origin. 

Charles (0) concluded that the mucilage-ducts in Marattk ahiii 
originate both schizogcnously and lysigcnou.sly, generally the former. 

In view of the striking lack of agreement in existing accounts oi 
the structure and development of the secretory ti.ssucs of the Marattiaceac. 
which suggests variation or vaguenc-ss in these .structures, a rcinvcstigatioa 
of thi.s point seemed desirable, since it might throw some light on the much- 
debated subject of the phylogeny and affinities of this group of l emz 
(cf. Matte, 15, p. 2 ofi ; Seward, 19, p. 217 ), including the interrelationships 
of the constituent genera. 

With this end in view the present invc,stigation was undertaken. 

' The results obtained by I.utz were adopted by biller (1) in his account of iho Nfar.irii.Lt.L • 
Engler and Praiill, Die naluilichen rflanzenfaniilien. 
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Material and Methods. 


Material of the following genera and species was examined ; 


Angiepuris evecta, Hoffm. 
Archangiopieris Henryi, Chr. ct Gies. 
Dohoco Sm. 

Daiiueci nodosa^ Sm. 

Danaca siuipUcifolia, Rudge. 


Kaulfussia acscidifolia, Bl. 
Maratlia data, Sw, 
Marattia altemuita, Lab. 
Marattia Cooperi, Mre. 
Marattia fraxinea, Sm. 


In order to eliminate at least one possible source of error, part of this 
material was carefully fi.xed in chromo-acetic or in acetic alcohol (glacial 
acetic acid, I part : absolute alcohol, 3 parts). The remainder was fixed in 
yo per cent, alcohol. 

For this investigation serial sections were necessary, therefore n.icro- 
tomed sections were cut (fip-ra p), but care was taken to check the work 
by examining thick hand-sections. 

Various stains and reagents were employed, including safranin, gentian- 
violet, cosin, methylene blue, iodine, ferric chloride, Congo red, and haema- 
toxylin.' These were used singly and in combination. 


I. Development and Structure of the Mueilagc-canals? 

Method i. Protogenetic Lysigenous’ Mucilage-canals, 

The mucilage-canals of the Marattiaceae usually arise on the first 
differentiation of tissues at the growing-point of the stem or root. In the 
leaf also the very early diffeientiation of the canal-initials was observed. 

Both transverse and longitudinal sections through the )-oung tissues of 
the stem, root, or leaf of by far the largest number of genera and species 
examined reveal scattered groups of cells, the canal-initials, which remain 
meristcmatic after the neighbouring cells of the ground-tissue have passed 
over into the permanent condition. These specialized cells usually divide 
into J, 4, or 6 without any appreciable incrca.se in size ; as a result of this 
cell-division groups of cells, which can readily be di.stinguished from 
llic surrounding cells not only by their smaller size but also by their 
relatively larger nuclei and denser cytoplasm, are produced (Text-figs. 1-4 ; 
hlate XVIII, Figs. 6 and 14). 


' This reagent was made up acconling to the lormula publi>hctl by XleincnbiT^ in Quart. 
Joiun. Micr. Sci., Ixxiv, i8;9j p. 208. 

' In this paper the term ‘inuci!as;c’ is applied to a substance i,,or subst.aaces) of unhnawn 
chemical composition, which exhibits certain rccOj^ni/ed physical prATpeilios. her .an account of 
the optical [iroperties of various plant mucilages, including that ol Ar. f.c-fUn'. see Schwcndcnci', b., 
‘Nocliraals uber die ojtlisch-anoinale Kcaction des Tr.iganth- und Kirschgiiinmi,'. in SilAtngsb. 
' 1 . Akad. d. \Viss. zu Berlin, Bd, ii, 1890, p. 1 131. 

^ Frank, 1, c. 


Kea 
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Tf.xt.F[G. I. Early sta^c in development 
of mucilage*canal in the stem of An'^iopUris 
evicta, Hoffm. x 350. f.i. = canai Initials. 
The shaded areas represent protoplasm in 
process of mucilaginous degeneration. 



Text-FIO. 2. Early stage in development of mu;!, 
lage-canal in the petiole of Danaea nodoia, Si 
X 380. The shaded areas represent pft'ivpIiW:: 
process of mucilaginous degeneration. 



Text-I- JG. 3. Early stage In development of muci- 
bge-canal in the stem of Marattia fraxinca, Sm. 
X 350. The shaded areas represent protopl.nsm in 
jirocess of nuidlaginous degeiieratiua. 


Text-fig. 4. Early stage in dovelopnier.! 
mucilagc-canal in the stem ot 
afuuiijolia^ 111 . x 350. The shaded 
sent prc»topl.asm in process of •• 

degeneratiuu. 
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the Secretory Tissues of Uu Maralliaceae. 

The arrangement of the small cells constituting such a group is usually 
^.ery irregular (Text-figs. 2-4 ; Figs. 6 and 12). 

Most botanists have agreed as to the earlier stages in the development 
of the mucilage- canals, but much confusion has arisen in the past as a 
result of the difficulty of correctly interpreting the subsequent stages. 

Whereas some (e.g. Frank, Brebncr, Lutz) have maintained that 
the cavity of the duct originates by the splitting apart of the walls of these 
small cells, which persist as a definite epithelium lining the intercellular 
space into which they actively secrete mucilage, others (c, g. Kiihn, Farmer 
and Hill, Campbell) have ascribed a lysigcnous origin to the canals and have 
asserted that the cavity is formed by the collapse and disorganization 
ofthe.se groups of ccll.s, which become converted into mucilage. 



TEXT-rio. f, Tt.vv.i'i.r (). 

tarl) st.rgcs in devt-iopmenl of mucilngt-oar.als in tlio stem of Danaca alai.i, Sni. x 
The shadeii areas represent protopbsm in process of mncila-lnovs deeeneratien. 


My own observations, which extend over five genera and many 
species, for the mo.st part confirm the explanation given by the latter 
group of botanists. 

The cytoplasm of certain cells of the group undergoes local mucilagi- 
nous degeneration (Text-figs, i-j; figs. 6 and 11-14). KIcinenberg's 
liacmatoxylin was found most satisfactory for demonstrating the changes 
which take place in the cytoplasm, since it clcaily differentiates between the 
unaltered cytoplasm and that which is undergoing mucilaginous degenera- 
tion. This process usually begins near the common point of contact of the 
cells, and gradually extcnd.s through the cytoplasm until fin.ally the entire 
contents of the cell, including the nucleus, arc involved in the change. The 
cell-contents meanwhile undergo a markeil contraction and frcquentl}- come 
uway from the cell-wall (Figs. 6 and 13). 

In tliis w-ay a coitdilion is attained which might casih' be mistaken lor 
u splitting apart of the cell-wall, especially when it is remembered that 
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at this stage the cell-wall is also undergoing mucilaginous degeneration and 
can be seen only with difficulty in thin microtomed sections. However, the 
cell-wall can still be identified as a very thin line extending across the clear 
space produced by the contraction of the cytoplasm. It is worthy of note 
that Brebner (1. c., p. 447) observes that ‘ in the young developing canals of 
the frond of Augiafteris cvectn, Maraitia alata, and Maratiia cicnlafolk 
there is little or no sign of mucilage, for there does not seem to be anythinit 
more highly refractive than the mounting medium in the schizogenoiis 
space, nor anything which stains appreciably with safranin or haenia- 

toxylin, whereas in the adult con- 
dition the cavity is filled with 
a substance, “ mucilage ”, which 
stains strongly with these re- 
agents 

Charles (1. c-, p- 96) also 
states that ' the space left when 
the walls break apart appears 
empty at first, then becomes filled 
with a vacuolate substance that 
stains with aniline blue 

The mucilaginous degenera, 
tion of the cell-wall proceeds 
apace until the cell finally col- 
lapses owing to the complete 
solution of the cell-wall. 

In this way, then, the cavity 
of the duct originates (Text-figs, 4 
and 6 ; Tigs. 6, X, and 12-14). 

The rate at whicli individual 
cells become disorganized i.s very 
unequal ; thus, several cells which appear quite healthy may be observed 
bordering on the duct at a comparatively early stage in its development 
(Text-fig. ft ; Fig. 13, and cf. the ‘ bridgc-cclls ’ of Br ebner, 11, p. 44'>). 

Sooner or later, however, they all share the same fate, their disorganized 



remains contributing to the mucilaginous contents of the duct, which is non 
surrounded by the unmodified cells of the ground tissue (Text-fig- , , 
Figs. 7 and 9, m.c.). 

Treatment with iodine, as recommended by Bicbner (:!, p. 447). bnee 
to reveal the presence of an epithelial layer. 

The important factor of tissue-ten.sions, which has been admirably 
elucidated by G. Kraus (1^) and Ncwcombc (16), appears to have been 
completely neglected by all previous workers on the development ol 
mucilage-ducts. 
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As mentioned above, these elements generally arise just behind the 
^jnerative tissues of the stem and root and are consequently subjected 
to a variety of stresses. The stretching of cells due to turgor increases 
s they pass embryonal condition and decreases as they assume 

their permanent condition, and since the mucilage-duct.s in the stem or roots 
jfc generally surrounded by parenchymatous cells with thin walls of cellu- 
lose it follows that the latter will tend to contract when the force of turgor 
■ withdrawn. The negative tension thus called forth is considerable, and 
nay account for the very rapid increase in the diameter of the mucilage- 
ducts which occur in the stem and roots of most of the genera and species 
examined (Fig.s. « and 13). 

The adult mucilage-ducts, which frequently branch and anastomose, 
pursue a very irregular course through the ground-tissue. 

The above description applies to the development of the mucilage- 
ducts in the following genera and species : 

Angiopteris evecia, Hoffm. (root excepted) (see also Methods il and iii). 

Archangiopteris Heuryi, Christ et Gies. (the material of this plant was 
unsuitable for determining this point with accuracy). 

Danaca alnta, Sm. 

Damca nodosa, Sm. 

Kaulfussia acsentifoUa, 111 . (sec also Method iii). 

Marattia alata, Sw. 

Marattia attaiuata. Lab. 

Marattia Cooperi, Mrc. 

Marattia fraxinca, Sm. 

A slight variation from the usual type of development was sometimes 
observed in the roots of Marattia Cooperi. I lore the mucilage-canals may 
originate from a single row of superposed cells with dense granular cyto- 
plasm. These initial cells do not divide, but rapidly undergo complete 
mucilaginous degeneration. The nuclei of these cells appear to be lemark- 
ably resistant to the en/.ynics which cause the breaking down of the cells 
and their contents, and often retain their individuality for a very consider- 
able period after the complete collapse of the cells. T hey can frequently 
be found floating in the mucilage. 

In this case there can obviously be no doubt as to the true lysigenotis 
origin of the mucilage-ducts (I'ig. 10). 

Method ii. Protogenetic Schizo lysigenous Mucilage-canals. 

In the petiole of Aiigiopteris eeeeta an alternative mode of development 
« .as noticed for m.any of the mucilage-ducts. These clcmaits. to n hich ot 1 
Brebncr (2) and Lutz ( 14 ) had attributed a typical scliizogcnous develop- 
ment, ^vel■e studied with special care. 
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The earliest stages agree in every respect with those described abo^ 
under Method i, but the later stages follow a somewhat different couis' 
The canal-initials, which arise very early, usually divide into j, 4, o,- 5 
no obvious increase in size, and give rise to irregular groups of very shjh 
cells with dense cytoplasm and prominent nuclei (Fig. i). 

The contents of these small cells immediately begin to show signs 
of incipient mucilaginous degeneration. This brings about a decrcast 
in the turgidity of the cells, ivhich tend to round themselves off. 
same time small irregular areas are produced between adjacent cells 
Special interest attaches to these areas, which are only slightly larger tluj 
ordinary intercellular spaces, since they give the staining reactions of 
mucilage. 

It is quite possible, however, that the mucilaginous substance produced 
at this early stage is derived from the pectin of the middle lamella, which b 
probably the fir.st part of the cell-wall to become disorganized. Suck 
a condition indicates how typical schizogenous secretory cavities may hjvj 
arisen. However, the l.ittcr arc not known to occur in any recent group ol 
Cryptogams. 

Strictly speaking, therefore, these mucilagc-canal.s have a schizogenous 
origin ; on the other h.and, it is certainly iticorrect to say that they have 
a schizogenous development, since all subscqticnt increase in size of tlie 
cavity (together with the corresponding increase in volume of the lUiicilagei 
takes place by the rapid collap.se of the .surrounding colls. 

It often happens that certain of the more peripheral cells of the group 
divide by walls radial to the centre of the canal ; these cells usually retain 
their normal appearance for a considerable time after the innermost ceils 
have completely lost their individuality. Thus the young mucilage-duct 
appears to possc.ss a distinct epithelial layer (Figs. 2, 3, and 

But these so-callcd epithelial cells are very irregular in shape and size 
and have only a transitory c\istcncc. Moreover, they do not present the 
appearances generally .a.ssociatcd with a living secretory epithelium. 

There is no evidence to .show th.at they ii.avc a secretory function ; they 
all very soon break down, their disorganized remains helping to increase the 
contents of the duct. At a slightly' later stage epithelial cells can no loiigc; 
be detected lining the cavity of the duct, which now abuts directly v.poc 
the unmodified parenchymatous cells of the ground-tissue (Fig. 4). 

The adult canals arc irregularly distributed throughout the p.ircnrliyitis 
of the petiole, in which they frequently' branch and anastomose (Fig. 

Method ill. Hysterogenetic ' Lysigenous Mucilage-canals. 

A distinct type of mucilage-duct was found in the adult petioh 
of Kaidfussia aesculifolia and in large roots of Angioptcris cveeta. 

^ hranfc, 1. c. 
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These ducts appear subsequently in old mature tissues and are therefore 

hysterogenetic.* 

In the young petiole of Kanlfussia numerous mucilage-ducts, which 
develop according to Method i, occur, whilst in the young roots of Aiis;w- 
ticris '’’Mta no mucilagc-ducts were observed. 

This may e-vplain why Van Tieghem (W; failed to find mucilage- 
duets in the roots of this genus. But numerous mucilagc-ducts in all 
stages of development were observed in sections through fairly old petioles 
of Kanlfussia acscuHfotia and through adult roots of Angiopkris evecta. 
These elements were found in perfectly healthy petioles and roots, and the 
hypothesis that these canals arc formed as the re.sult of traumatic stimuli 
was proved to be untenable. 

They arise by the collapse of groups of typical parenchymatous cells 
which are in other respects indistinguishable from the other cells which 
constitute the cortc.v. 

.^t an early stage thc.se cells can be distinguished by a decrease 
of turgidity which results in a slight dccrea.se in size, whereby the inter- 
cellular s[)accs, which arc typically rather large between the cells of the 
cortical paiench)'ina, exhibit a corresponding increase in size. But no 
signs of mucilage were observeel in these imcrcellul.ir siraccs. 

.Meanwhile the cell-walls rapidly di.'solvc. while the cell contents become 
mucilaginous. The cells ultimately break down, and their disorganized 
remains coalesce to form the stringy mucilaginous contents of the cavit)' 
(Fig.s, 7 and 9). 

As Ncwcomhc (l.c.) pointed out, when lysigenou.s cavitic.s arise subse- 
quently to primary growth, there is generally a collapse but little or no 
tearing of cells. 

The development of these peculiar mucilagc-ducts seems to be very 
irregular both in time ami space. T he fully developed duct.s often exhibit 
a striking appearance, for they may be very irregular in outline and 
occasionally attain large dimension.s, as is .shown in Big. y. 

1. Dt'vehpDknt and Structure of the Tannin-sacs and Tannin-duels. 

Celts containing t.innin arc widely disiribuicd throughout the sporo- 
phytic tissues of all six genera of the Marattiaceac." 

They are generally jriologcnelic and occur either .singh’ or associated 
together in groups. When they occur singly they can easily be distingui.died 
h)’ iheii lanniiiiferous contents from the neighbouring cells, from whicli they 
may or may not differ in shape or size. 

Their form varies in different reTtions of the same organ, but as 

' I. c. 

i lie present wiitei’s olrservalioiis on A'.nt'/ii: ..i.i cannot tv lecoircio'i with ll.e st.rlel'.icat of 
CampUll p.c., p. iSj) i„ ,iijs jjenus ‘ l.iiinin-cciU arc piaclically inlrulv alscnl from the 
tpoioj’hjlc tlnmialiout its wliuic cMstcncc '. 
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a general rule it was noticed that those associated with a vascular bund] 
are relatively much narrower than those which occur in the ground-tissue 
They invariably possess thin cellulose walls even when they jjj 
embedded in the fibrous zone of the petiole (Text-fig. 8). 





TexT'HC., S. Taj»nin*cclU in fibrous layer of 
petiole of An^o^terii tvccUi^ lloffm. ri-, - |fer- 
sistent partiny-svall. x 380. 



TF.xr-Ki<;. 9. Tarnin-cclls in the petiole of 
Angioptcris cz’cefa, Hoffin. The large tannin- 
cell .r is criinltefl by the buimnntliiig parenchyma. 
X 220. 



Tf.xt-fig. >0. Tannin-tliict from 
the petiole of Augiopit'ris ew'.-.u 
lloffm. The contents of the liiici 
are not shown, x 220. 



TKxr-i'H,'.. II. Series'tf taiiiii'i'celb 
the Mciii of Sm. > 


They not infrequently occur associated together in regular sene; 
of superposed cells, e. g. in the stem, root, and petiole of Angioplcris fi'idi 
(Text-fig. 10 ; Fig. 5, t.c.) ; in the root of Dauaca alato, Danaca nodose, 
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Ifarattia nttenmta ; and in the petiole of Danaca simplkifolia, Marattia 
data, &C-, 

They are less frequently associated together in irregular groups, e.g. in 
the stem of Damca nodosa (Text-fig. ii), and in the sporangium wall 
of Kaulfussia acsculifotia, &c., &c. 

It sometimes happens that the parting-walls of adjacent tannin-cells 
break down, the solution of the wall beginning in the centre and gradually 
spreading until a typical vessel or duct is formed, c. g. in the petiole and 
iaotoiAngiopkris evecta (Text-fig. 10, and cf. Farmer, l.c., p. 269 and 
PL XV, Fig. 1 a), and in the root of Marattia atleuuata. The breaking down 
of the parting-walls bears no relation to the age of the cells ; it may take 
place either in vciy young or in fairly old tissues. 

Such a series of stages in the development of a typical tannin-duct was 
described and illustrated by Lutz ( 1 . c., pp. 134, 135 ; PI. II, Figs. 3-7), who, 
however, mistook these tannin-ducts for lysigenous mucilage-canals, and 
stated that the tannin was eventually rei>l.aced by mucilage, 

1 was quite unable to confirm this explanation, since in all my material 
the tannin-cells (or ducts) are from the very beginning absolutely distinct, 
and, even in old specimens, bear no resemblance to the mucilage-canals. 
Whereas the mucilage-canals freely branch and anastomose (Fig. j). the 
tannin-ducts seldom branch and never anastomose. 

From our knowledge of the chemical composition of these secretions it 
would appear very improbable that one should be converted into the 
other ; notwithstanding that in certain Angiosperms tannin occurs associated 
with mucilage. 

In the stem of Danaca nodosa and in the sporangiym wall of Kaul- 
fnssia acsculifoHa irregular tannin-containing cavities are produced by the 
breaking down of the parting-walls between adjacent tannin-cclls, 

A true secretory epithelium is never present round the tannin-cells 
or tannin-ducts, but their contents often exert a considerable pressure upon 
the surrounding cells, which arc slightly crushed and assume the appearance 
of ,in epithelium, to which, however, they bear only a superficial resemblance. 

On the other hand, the tannin-cells (or ducts) are often compressed by 
the surrounding parenchyma (Text-fig. 9 ; Figs, 4 and j). 

Tannin-sacs arc abund.ant in the ramenta of Anguftcris recefa, Danaca 
nodosa, Danaca alata (Text-figs. 12 and 13), Marattia G'iy'c; /, and Marattia 
frarima ; in the characteristic two-cellcd hairs of the petiole of Kaulfussia 
custuhjoba (Text-fig. 14) ; .and in the palcac of Archangioplcris Hcnryi. 

^‘dmind-lannin. A copious secretion of tannin sras ob.servcd in tlie 
■mnicdiatc neighbourhood of wounds. In this respect the tannin may 
be Compared with the .secretion of resin which is induced by traumatic 
stimuli in certain Conifers. 

Theoretical considerations. In all the gcncni of ilarattiaceac examined 



420 IVesL — Ou the Structure and Developmeyit of 

by the present writer typical lysigenous mucilage-ducts were found. • 
the petiole of Angioptcris evccta an alternative schizo-lysigenoiis devdo 
ment of the mucilage-ducts was observed. The cells lining the cavii. 
of these ducts develop as an indefinite tran.sitory epithelium. Thus it 
seems that, as Farmer and Hill(l.c., pp. 390-1) previously pointed out, the 
primitive method of mucilage-duct formation in this group of Ferns is 



I'Esr-Kii;. 11. TF.XT-nis. 13. 

TAiinin-cell-s In lamcnta of Damc<t iilatd, Sm. x sSoi 



lysigenous. The more advanced schizo-ly.sigcnous method is restricted 
to the petiole of Angioptcris cvccta. 

It is generally acknowledged that this genus is the most .specialized 
member of the Marattiaceac, and hence it is not surprising that in this genus 
alone a more complc.\; mode of mucilage-duct formation obtains. 

The form and position of the tannin-cells and tannin-ducts vary 
considerably even in different individuals of the same species, and afford no 
means of generic or specific distinction. 

Functions of the secretions. Although the mucilaginous secretions are 
produced in the youngest parts of the plants, they do not disapircar from 
the older parts, and consequently are lost to the plant when the leaves and 
their appendages are thrown off or when the stem and root.s decay away. 

It would thus appear that the mucilage constitutes a waste-product of 
the plant. The .same explanation will serve for the tannin-sacs ('and ductsl 
which also persist throughout the life of the plant organ in which they occur. 
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Both types of secretory tissue are equally abundant in the stem, leaves, 
jjd roots of these Ferns ; it is therefore improbable that they arc produced 
connexion with a water-storing function, especially when it is remembered 
that all tl’® representatives of this family are usually confined to localities 
tvhere they would not be subjected to long periods of drought. 

Whether these substances possess any biological significance in con- 
jexion u’ith the attacks of animals or of parasitic Fungi it is impossible 

to say. 

.SUMMAUV. 

I. Lysigenous mucilage-canals were found in every genus and species 
of Marattiaceae examined. They are usually protogenetic. but occasionally 
hysterogenetic (e. g. petiole of Kantfussia acsculifuUa-, root of Angioptcris 
i-veda). 

In the petiole of Angioptcris cvecta the mucilage-canals may be 
lysigenous or .schizo-lysigenous. 

:. Tannin-cells are widely distributed through the sporophytic tissues 
of the Marattiaceae ; they occur cither as i.solated tannin-isacs or grouped 
together in regular or irregular scries. 

Lysigenous tannin-ducts are formed by the solution of the septa 
between adjacent tannin-cells. 

In conclusion, I desire to express my thanks to Professor J. B, Farmer, 
F.R.S., for much helpful advice and criticism. 
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EXPLANATION OF PLATE XVI 11 . 

Illustrating Mr. West’s paper on the Strucluic and Development of the S cretory 
Tissues of the Marattiaccae. 

Figs. I, 2, and 3. Successive stages in the ilcvelopment of mucilage-canals. In Fig. 
transitory epithelium Is shown. From longitudinal sections of a young petiole of 
Iloffm. X 2 So. 

Fig. 4. Part of a transverse section of an older petiole of tvcc(2^ IfolTm , 

four adult mucilage-canaU in transverse section. Note complete absence of tpilliclial cel j. ?,.• . 
tannin cells, x too. 

Fig, 5. Part of a loogitudinal section of a young petir>le of A n^opteris evecla, Hoffm,, show;:? 
early stage in development of a mucilage-canal, tx. * tannin cells, x 60. 

Fig. 6 . Early stage In the development of a mucilage-canal. ’I'he protoplasm of many of 
small cells is undergoing mucilaginous degenfration ; at .v the cell-walls have disappeared, hca 
a tr.insvcrse section of a young petiole of DaniUa nodosa,. Sm. x 280. 

fjg. 7. P.art of a tr.msversc section of an old root tA Any^iofU'ris lloffiu., slioisinjco;.; 

stage in the form.ition of a mucilage-can.al by the mucil.aginous degeneration of part of the cpl..:;. 
parenchyma, m, »» mucilage, x 280. 

Fig. S. Part of a longitudin.al section through the apical region of a large root of .If::'.,,':,, 
Coopers, Mre., showing a young rautilagc-canal. Note absence of eplthcli-il ccll.^. nt. = imii;::.-;’. 
71. =■■■ nuclei of disorganized cells lloaling in tljc mucilage, x 100. 

Fig. 9. Part of a transverse section of an adult petiole of K'attljussin aesculifolia, 1>1., >ho\v;r, 
a large irregular mucilage-canal formed by the mucilaginous degeneration of typical parenchymaWt 
cells of the ground-tissue, tn.c. = mucilage-canal of the usual type, x 100. 

Fig. TO. Early stage in the development of a mucilagc-canal from a single row of canal-iniiii. 
From a longitudinal section through the apical region of a large root of Maiatlia ( oCjOi'yi- 
X too. 

Fig. II. Part of a transverse section of a large root of Dattaca alata, Sni., showing early 
in the development of mucilage-canals. Ac. = lannin-cell. x too. 

Fig. 1 2. Early stage in the development of a inucilagc-c.anal. The protoplasm of m.-iny oi ’ 
small cells has undergone mucilaginous degeneration, while several of the cell-walls hare 
disappeared. From a transverse section of a young petiole of Coopen, Mre. x 

Fig. 13. Part of a longitudinal section through the aiucal region of a large root ADeo\ 

.8m., showing early stage in the development of a mucilage-canal, x 280. 

Fig. 14. Early stage in the development of a mucilagc-canal. The protoplasm of ^c^e^ 
the small cells has undergone roiicil.aginous degeneration; at .r the cell-walls have 
disappeared. From a longitudinal section of a young petiole of A nnlfiissxa aesenlijoha, Bl. x - 









On Glaucocystis Nostochinearum, Itzigsohn. 

liV 


B. MILLARD GRIFFITHS, M.Sc. 
With Plate XIX. 


G laucocystis nostochinearum, itzig.?., is a unicellular 

solitary alga found generally in Sphagnum-hogi. It is ellipsoidal in 
form and measures from 30 to 45/rin length, and from 18 to 234 in breadth. 

It has a chromoplast consi.sting of a number of strongly recurved radiating 
bands of a blue green colour. It reproduces by the formation of two, 
four, or eight daughter-cells within the mother-cell. 

The .systematic position of the organism has been doubtful. Chodat 
placed it in the I'rotococcaccac owing to its rc.scmblance to Oocystis [yide 
Oltnunns, ’ 04 ). Oltmanns can find no certain place for it, but refuses 
to put it in the Protococc.accac owing to its blue-green colour, West (’ 04 ) 
cla.ssifies it among the Cyanophyceac (or Myxophyceac). He divides the 
whole group into Glaucocystideae and Archiplastidcac, and therefore places 
GlmicocysHs out.side the rest of the Cyanophyceae. The difficulty of assign- 
int; it to a definite group is intensified by conflicting evidence regarding 
its'nucleus. Lagerhcim states that the nucleus i.s merely a vacuole (Hiero- 
nymu.s, ’ 92 ), Hieronymus describes a perfectly definite nucleus containing 
a body resembling a nucleolus. 

I found the organism in considerable quantities at the beginning of the 
year 1910, and with this material at my disposal have carefully examined 
the nucleus with a view to discovering its cx.act nature. The investigation 
\va.s suggc.sted by Professor G. S. West in order to obtain further information 
concerning its cytology with a view to determining the systematic position 
of the organism. The re.sults show that GLuiahysiis is one of the Cyano- 
ohyccac, but with a nuclear structure of much greater definiteness than 
Is found in the rest of the group, and po.sscssing m.any features that make 
t almost comparable with the more highly clahoiatod nucleus of higher 
olants. 


The organism occurred in a small pcrniancut surface-water pool near 
Kiddcrniinstcr, Worcs., among the lower portions ol a dense giowth 
of Fmlimilis niilipyitliut. It was found at all seasons of the year, but 
most plentifully in the colder months. The pool was not moic than a fe\\ 


lAimals of Botany. Vol. XXIX. No, CXV. July, 1915.I 
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inches deep and about twenty square yards in area. The soil was a rej 
marl. A dense vegetation of Junciis communis, Alisma Plantago and 
Ranunculus aquatilis nearly filled the pool. The occurrence of CtaticKjsti^ 
in other than a Sf/iagnum-ho^ is not by any means a usual thing. }.;jj 
Sphagnum is found in the immediate district. 

Collection and Fixation. 

T ufts of the Fotttinalis were pulled up and the water was squeezed out 
into glass tubes. Subsequently the sediment, consisting of decayed vegetable 
matter, filamentous Cyanophyceac, a few Desmid.s, Bacillaricae. and Gkuco. 
cystis. was fixed either in a per cent, solution of formic aldehyde 
or in a mixture of three parts absolute alcohol and one part glacial acetic 
acid. One drop of sediment contained under favourable conditions as many 
as twenty specimens of Glaucocystis. It was not found possible to separate 
the organisms from the flocculcnt matter in which tlicy were found. In 
order to facilitate the treatment of the sediment in the alcohohs and staining 
reagents, a centrifuge was used to bring the material down quickly to 
the bottom of the tube. 

Staining Reagents. 

For staining the chromoplast, safranin and fuchsin were found to 
be the best. For the structure of the nucleus, hacmatoxylin and gentian 
\iolet were most successful. Iron alum and hacmatoxylin proved f.tirly 
satisfactory also. In all cases the sediment was taken up through the 
alcohols into xylol, and mounted finally in Canada Balsam for examination. 

The Ceei.-Wai.l. 

The cell-wall of Claucocyslis strikingly resembles that of Oonstis. 
The cell is ellipsoidal in shape and has apical thickenings on the inner side 
of the cell-wall. In addition, however, there is an equatorial thickening on 
the outer side of the cell-wall. The wall is fairly thick, but when in the 
mother-cell condition it bcconic,s very thin and ultimately ruptiirc.s. When 
treated with iodine in potassium iodide and strong sulphuric acid the 
cell-wall turns blue. It consists, therefore, very largely of cellulose. In 
this respect the cell-wall of Glaucocystis differs from that of most Cyano- 
phyccac. 

The Ciiromatoitiores. 

These are of very remarkable form. Hieronymus (’02) describe.^ and 
figures a scries of radiating, strongly curved cliromatophorcs from twelve to 
twenty in number, and of a blue-green colour. When the cell i.s about 
to divide, these chromatophorcs break up into a large number of oval 
plastid.s. After ccll-divi.sion the chromatophorcs arc rc-formed. I niaoo 
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ffular monthly collections of Glaticocystis from the pool throughout 1913, 
and at frequent intervals between 1910 and 1913, but almost all the speci- 
jjjgns found were in the division stage of the chromatophores. In only 
few cases were the radiating bands seen. The unusual situation in which 
the organisms were found may be correlated with this. The usual habit is 
in 9^^^>«r»(-bogs, and in such places the chromatophores frequently show 
the structure described by Hieronymus. The colouring matter in the 
chromatophores consists largely of phycocyanin. In one case some speci- 
mens had been allowed to become unhealthy through long keeping in 
a tube. The phycocyanin came out of the plastids and filled the cell-sap 
with the characteristic blue colour. 


The Cytoplasm. 

This consists of a reticulum with granular threads. The size of the 
alveoli varies from i to 2 The cytoplasm fills the cell completely and 
does not contain a central vacuole. On division of the cell, the cytoplasm 
constricts slightly in the equatorial plane, but the complete division takes 
place by a rectilinear fission transverse to the axis of the cell. In this respect 
Glaticocystis resembles many other Cyanopliyccac, more especially the 
Cliroococcaceae. The preliminary slight constriction of the cytoplasm does 
not seem to be correlated directly with the phases of nuclear division, but 
may occur either before or after. The final transverse fission takes place 
after nuclear division and is very rapid. The two parts of the cytoplasm 
round off into oval masses and daughter cell-walls are formed. 


The Nucleus and Nuclear Divlsion. 

The nucleus, both in structure and in its division stages, shows many 
features of a remarkable kind. At one stage it bears a striking resemblance 
to the nucleus of higher plants. In another stage it appears to be little 
more than a vacuole. The following phases may be observed ; 

la) A large round space 1 1 jr in diameter lies in the equatorial portion 
of the cytoplasm, but close to the cell-wall. It stains very feebly indeed 
(PI, XIX, Fig. 1). The surrounding cytoplasm also stains feebly, but it is full 
of .small oval and round bodies which stain deeply. None of these deeplj’ 
staining bodies arc to be found iixinicdiately between the clear space and the 
wall of the cell. The clear space docs not possess a membrane, but is 
simply a space free from staining bodies. It appears to be continuous with 
the cytoplasm, and is not a vacuole. Under moderately great magnification 
it certainly does look like a vacuole, but under high magnification it is seen 
to consist of the same extremely delicate reticulum as the cytoplasm. The 
boundary of the clear space is not perfectly regular, but only approximately 
spherical owing to the slight intrusion of the staining bodies on its extreme 

Ff 
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outer edge. The deeply staining bodies in the cytoplasm lie at the intej. 
section of the threads of the reticulum. The threads are very delicate and 
not granular at this stage. 

{b) The clear space, which may be denoted the ‘ karyoplasmic area 
now begins to contract and to move towards the centre of the cell, n 
becomes more deeply stainable, the staining being diffuse. Its reticulum, 
previously extremely delicate and difficult to see, becomes coarser and 
more visible. At the same time, the number of darkly staining bodies 
in the cytoplasm diminishes, and the whole cytoplasm becomes diffusely 
stainable. The karyoplasmic area does not possess a definite membrane at 
this stage (Fig. 2). 

(c) The karyoplasmic area contracts further until it reaches a diameter 
of 6 or 7 and a well-marked membrane forms. The cell as a whole 
increases in size also. The threads of the karyoplasmic reticulum become 
thick and stain more deeply. Deeply staining granules of chromatin 
appear at the intersections of the threads (Fig. 3). One granule becomes 
very much larger than the rest. It is circular or roughly polyhedral in 
outline. It is not homogeneous in structure, but is composed of many 
granules fused together. The dark bodies of the cytopla.sm disappear 
completely, and the threads of the cytoplasmic reticulum become finely 
granular. These granulations do not stain deeply (Fig. 4). At this stage, 
the cell bears a striking resemblance to the cell of higher plants, f here is 
a definite nucleus bounded by a membrane, and possessing darkly staining 
granules of chromatin. The large karyosomc, roughly circular in form, 
resembles a nucleolus in position, but, as will be seen later, its behaviour is 
quite different from that of the nucleolus of higher plants. 

{d] The concentration and definition of the nucleus is a preparation for 
division. The nucleus elongates to a length of about 1 1 n, but the diameter 
remains about the same (Fig. 5). The nucleolus-like karyosomc becomes 
a very conspicuous object. It grows very large, probably by the addition 
of the smaller granules of chromatin previously scattered on the nuclear 
reticulum. The nuclear reticulum itself ceases to be visible, and the 
nucleus becomes uniformly diffusely stainable, with the large karyosonie 
lying in it. The karyosomc now divides by a transverse fission into W 
equal parts semicircular in outline, which separate a shot t distance, bo 
case was observed among the very large number of dividing nuclei m which 
there was anything in the nature of a polar separation of chromatin 
substance or the formation of a chromatic figure. In every instance 
the process consisted of the aggregation of chromatic material into .i hq 
karyosomc, which subsequently divided by simple transverse fission. Alter 
the division of the karyosome, the nucleus divides in a precisely simi^t 
manner (Figs. 6 and 8). A large number of specimens were in this stage^ 
Each half of the nucleus is semicircular or semi-elliptical, with a very distmc 
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straight edge along the line of fission. Sometimes the half-nucleus has one 
or more pointed processes (Figs. 8 and 9). These always lie on a line 
radiating from the karyosome towards the line of transverse fission. In 
some cases, numerous radiating lines of strain were found traversing the 
whole cytoplasm. Their centre of convergence lies at the karyosome, and 
they do not appear to cross the line of transverse fission of the cytoplasm 
(Fig. 8). The cytoplasm may show signs of division even before the 
division of the nucleus is initiated. On the other hand, it maj' be delayed 
until after. A distinct constriction appears in the equatorial plane. This 
is followed by a straight transverse fission which is always delayed until the 
nucleus has divided. After this, the cytoplasm rapidly rounds off, each half- 
nucleus becomes spherical, and two daughter cell-walls are formed (Fig. 10). 
In some ca.ses the nucleus divides into four (Fig. 11), or even into eight 
(Figs. 12 and 14), and four or eight daughter-cells are formed simultaneously. 
In other cases two or four daughter-cells are formed, and a second nuclear 
division takes place (Fig. 15). Previous to the formation of daughter-cells 
the mother-cell increases greatly in size. In the resting condition the cell 
measures about 30 (x by 1 8 /r. During division it may attain a size of 45 /z 
by jj 4, that is, it about doubles in volume. The daughter-cells are there- 
fore about normal size. In this increase in size before division Glancocptis 
differs altogether from Oocystis. Bohlin (' 97 ) records that G. cingutata also 
varies greatly in size, the diameter varying from 14 to 364, and the length 
from 16 to 56 4. 

(f) Division liaving taken place and the daughter-cells having been 
formed, the nucleus of each begins to undergo a series of degradations. 
The karyosome, that played so important a part in cell-division, breaks up. 
Ihe stainable nuclear reticulum disappears, and the nuclear membrane can 
ao longer be seen. The cytoplasm once more becomes full of deeply stain- 
ing granules, and the karyoplasmic area less definite and more feebly 
itainable. Ultimately the cell reaches the resting condition described in the 
arst section. The nucleus is now represented by the vacuole-like karyo- 
plasmic area, and ceases to resemble the nucleus of higher plants. The 
rhromoplast, which had broken up into numerous oval plastids during 
he stages of cell-division, reorganizes, and becomes once more a series 
jf radiating recurved bands. 

Comparison with other Forms. 

The nucleus of the Myxophyceae is characterized by its irregular 
oral, the absence of a nuclear membrane, the absence of a nucleolus, 
ffld by a tendency for cell-division to take place independently of nuclear 
livision. Chromatin is present, and Kohl (’ 03 ) and Hcglcr have observed 
■be formation of a chromatic figure. Wager (' 01 ) also states that owing to 
be drawing out of the chromatin threads elong.atcd cells often show stages 
Kfi 
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resembling true karyokinetic division. Darkly staining granules in 
cytoplasm have been recorded under the names of central granules, meta. 
chromatin, and volutin, and their gradual disappearance by diffusion hjj 
been noted (Guilliermond (’12), Minchin (’12)). 

Miss Acton (’14) has described the nucleus of Chroococcus. In C. macn. 
coccus it is confined to a definite area, and is more or less oval in form. ][ 
contains chromatin, but has no nuclear membrane or nucleolus. It divides 
by simple transverse fission. In other species the nucleus is of the ‘open 
type. In Merismopedia chgaus no nucleus is present in certain .stages, bat 
later on granules of metachromatin appear in the cytoplasm, followed by tin 
formation of a deeper staining nuclear area. The latter develops darkly 
staining granules, while the metachromatin disappears from the cytoplasm, 
The nucleus divides, apparently by a transverse fission, and subsequently 
degrades and disappears. The cytoplasm commences to constrict before 
actual nuclear division, and the final division is completed after the division 
of the nucleus. 

The cytology of Glaucocystis shows a more highly elaborated nuclear 
structure than any other member of the Cyanophyccae, but nevertheless it 
is only a difference in degree and not in kind. In stage (a) described above, 
the nucleus is apparently of the ‘open’ type. One might say that the 
karyoplasmic area is only potentially a nucleus. It is continuous with the 
rest of the cell protoplasm and devoid of stainable material. It is only 
distinguished from the general protoplasm by the marked absence of the 
comparatively large granules of inetachromatin. The area is not perfectly 
definite, and is not bounded by a membrane. It is not in any way a vacuole. 
In this stage it is comparable with the ' open ’ nuclei of many of the 
Hormogoniae, except that it is of very regular form. 

In stage {h) the karyoplasmic area moves to the centre of the ceh and 
diminishes in size. The metachromatin granules of the cytoplasm diininiali 
in number. At the same time the nuclear area, although without sisjuiof 
a stainable reticulum, is diffusely stainable as a whole. It sccm.s that the 
metachromatic substance is being taken into the nuclear areas in ,i diliii-e 
form. Similar diffusion of inetachromatin has been noted in other cases by 


Acton (’14), by Wager and I’eniston (’lOy, and by Lutman ( 11). 

In stage (c) the nucleus has contracted to its smallest size. kano- 
plasmic reticulum of thicker threeids has developed. This stains deep,) 
probably owing to minute granules of cliromatin in the threads. .Itw 
intersection of the threads larger chromatin grains arc seen. With heeiia- 
toxylin these grains take a dull dark red colour. '1 hcv seem to be suiid. 
The metachromatin grains of the cytoplasm ;ire coloured a bright purple-rie, 
and appear to be translucent. By this time all the metachroinatm liJ! 
disappeared from the cytoplasm. The cytoplasmic reticulum consists el 
granular threads. At this stage, therefore, the cell structure rcescmbles tlU‘ 
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of Ckroococcus macrococciis, or of Merumopedia elegans in its stage prepara- 
(ofy to division. Glaucocystis, however, shows a more elaborate structure 
, ways, first in the possession of a definite nuclear membrane, 
and secondly in the formation of the very large ma.ss of chromatin 
jesembling a nucleolus in position, which 1 have referred to as the ‘ large 
karyosome 

In stage {d) the behaviour of the nucleus is different from any other of 
‘he Cyanophyccae. The large karyosome gradually attains a considerable 
i^e by drawing to itself all, or nearly all, the chromatin of the nucleus, 
(uclear division is initiated by the transverse fission of the karyosome, and 
i completed by a similar division of the nucleus. This division is shared 
a by the whole cell. The cytoplasm shows strain lines radiating from the 
ffo karyosomes in some cases. Similar phenomena have been observed in 
Ipgiyn (Brown, Tl). Although the cytoplasm shows at first the Myxo- 
ihycean character of division independent of the nucleus, it waits until 
luclcar division is complete before completing its transverse fission. This 
ransverse fission is exhibited by such forms as Ckroococcus macrococcus and 
Merismopedia ckgnns, but their nuclei remain in the stage of the simple 
ihromatin reticulum, and there is no sign of the aggregation of chromatin 
naterial for purposes of equal division. In this respect Glaucocystis appears 
0 have evolved a rough process of chromatin distribution comparable with 
:he karyokinesis of high plants. The karyosome would be, according to 
his view, rather of the nature of a chromosome than of a nucleolus. 

The organism shows also a higher specialization in its formation of 
laughtcr-cclls, Alone among the Cyanophyccae, it produces daughter- 
:ells .similar in outward form to those of the mother-cell and within the 
mother-cell wall (as in Oocystis). There is, however, a profound difference, 
b the mother-cell of Glaucocystis nearly doubles in volume before dividing, 
Vhercas in Oocystis tliis is not the case. 

In stage (c) the nucleus has finished its work of division and proceeds 
to take to pieces the structure it had elaborated. The large chromatin 
mryosomc breaks up, the nuclear reticulum disappears, and once more the 
irilliantly staining mctachromatin granules appear in the cytoplasm. The 
iude.ir area increases in size, moves towards the side of the cell, and 
iSiumes the clear vacuolc-likc .state of the resting condition. 

Glaucocystis shows, therefore, a near approach to the cytological struc- 
ure of higher plant cells, both in its actual nucleus and in the lormation of 
laughter-cells. In higher plants the elaborate structure of the nucleus 
i retained permanently, but in this organism the nucleus reverts to the 
open ' condition, and for each division must reconstruct itself. 

That Glaucocystis is one of the Cyanophyccae is shown by the following 
haracter.s : (1) The nucleus is of the ‘ open ’ type at one stage. (l) Nuclear 
ivision takes place by transverse fission, and the division of the cytoplasm 
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shows a distinct tendency to be independent of the division of the karyo. 
plasm. (3) Phycocyanin is present as the colouring substance. 

It differs from most Cyanophyceae in the following particulars- 
(i) The nucleus preparatory to division becomes 'closed It has a nietti. 
brane and a nuclear reticulum possessing chromatin. The chromatin is 
aggregated into a single mass which divides by transverse fission. (2) Afte, 
division of the cytoplasm, the two parts become rounded off and daughter- 
cells are formed, very similar to those of Oocysiis. (3) The cell-wall 
consists very largely of cellulose. (4) There is a definite and elaborate 
chromoplast. 


Summary. 

Glaucocyslis Nostochbicarum, Itzigsohn, is a unicellular solitary alga 
found generally in Spha^numAsogi. It is ellipsoidal, and measures from 
30 to 43 p in length, and from 18 to 25 fx in breadth. It has a small 
internal polar thickening of the cell-wall at each end, and an equatorial 
e.xternal thickening. The cell-wall is composed mainly of cellulose. There 
is a definite chromoplast consisting of a number of strongly recurved and 
radiating bands of a blue-green colour. These break up into numerous short 
pieces in the division stage of the cell. The organism reproduces by the 
formation of two, four, or eight daughter-cells lying freely within the 
mother-cell wall. 

In the resting stage the nucleus is of the ' open ’ type. It consists of 
a large colourless spherical portion of the delicate reticulate protoplasm, 
and is practically unstainable. It is only distinguished from the general 
cytoplasm by the complete absence of the metachromatin granules. This 
portion lies close against the cell-wall. 

In the division stage, the nuclear portion of the protoplasm contracts, 
becomes coarsely reticulate, moves to the centre of the cell, and becomes 
-stainable. Chromatin develops in this reticulum, and a nuclear membrane 
forms. The metachromatin granules of the cytoplasm gradually disappear. 
The chromatin of the nucleus aggregate.s into a large karyosonie. This 
divides by transverse fission, and each part rounds off. The cytoplasm 
divides by transverse fission, each half rounds off, and daughter-cell wali> 
are formed. 

Glaucocysiis is probably a member of the Cyanophyceae owing to the 
presence of an ‘ open ’ nucleus at one stage ; the tendency of cytopl-asm'^ 
division to take place independently of nuclear division ; and to the presence 
of phycocyanin in the chromoplast. The very high differentiation of the 
nucleus in the dividing stage ; the elaborate chromoplast to which the 
phycocyanin is confined ; the formation of daughter-cells very similar to 
those of Oocystis ; and the cellulose character of the cell-wall, arc features 
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hich GlaMocystis from all the rest of the Cyanophjfceae, and 

probably justify it being placed in an entirely separate group of that 
division. 

Kotanicm. Laboratory, 

University of Bhi.fast, 

December^ 1914. 
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DESCRIPTION OF PLATE XI.X. 

Illustrating Mr. Griffiths’s paper on }KCiio:hiniayu»i, Itzigsohn. 

All drawings (except Fig. 12) were made with a Zei?s Abbe cameraducida on a Zei^s micro* 
scope with achromatic objectives and comi>ensaicd oculars. For Iinest details an oil'immersi()i: 
1*5 objective was used. DifTose staining is indicated by fine dots. The cell-wall is not shown ir 
many cases. 

Fig. I. CliiUiO,)'!iis Xosid liituarim in resting condition, x 837. karyiplasmic area 
m., cytoplasm full of melachromatin grannies. 

Fig. a. Cell with karyoplasmic area in centre. X S57. r., equatorial thickening; /., pola 
thickening ; other letters as liefore. 

Fig* 3* Cell with definite nucleus, x S57. 

big. 4. Cell with definite nucleus, x S57. large karyosome of chromatin, 

hig. 5. Cell with elongated nucleus, x 857. ^ 

Fig. 6. Cell with nucleus in process of division by transverse fission, x S37. The larg 
kar}'Osome has already divided. 
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Fig. 7, Cell with nucleoa completely divided. 

Fig. 8. Cell with divided nucleus, one half of which has a process, x 857. In the cvtr. i 
are 'strain lines ^ radiating from the two half-nuclei. ^ 

Fig. 9. Cell with divided nucleus, each half with processes, x 857, 

Fig. 10. Mother-cell with two daughter-cells, x 545. 

Fig. II. Cell with nucleus divided directly into four, x 857. 

Fig. u. Unhealthy cell with phycocyanin diffused in cell-sap. xSgyapprox. The protoni 
has divided into apparently seven, but possibly eight, portions. The nucleus has probably diviii^ 
into eight in this case. 

Fig. i.v Mother-cell with four daughter-cells, x 545. 

Fig. 14, Mother-cell with eight daughter-cells, x 545. 

Fig. 15. Mother-ccll with four daughter-cells, x 545- Fach daughter-cell has nnriergone 
subsequent nuclear division, but cytoplasmic division has not yet taken place. Several cases of twjj 
daughter-cells were observed in which a second nuclear division was taking place. 
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T he method of sex determination in dioecious plants has recently been 
the subject of a number of investigations, and, amongst these, those 
published by 6l. and Itm. Marchal on the Apospory and Se.xuality of the 
Mosses have created very considerable Interest. 

In a paper which appeared in 1906 ( 9 ), these investigators showed 
experimentally that, in the case of dioecious mosses, the spores produced in 
a single sporogonium arc heterogeneous as regards their sexual characters ; 
the spores are unisexual, the male giving rise to protonemata which bear 
exclusively male axes while the female produce protonemata which develop 
female axes only. They also proved that the protonema obtained vege- 
tatively from the gametophyte always retains the sex of the parent plant. 
In protonemata produced cither from spores or vegetatively from the 
gametophyte the sex is constant, and i.s not affected by external conditions. 

In 1907 ( 10 ), a further paper was published dealing with the sexual 
characters of protonemata produced aposporously from the sporophyte 
of dioecious mosses. It was discovered that such protonemata always gave 
rise to a certain proportion of hermaphrodite axes, and it was presumed that 
no meiotic phase had taken place prior to the production of these individuals. 
The writer therefore concluded that, in the normal life-history of these 
mosses, the sex of the .spores is determined at the reduction division 
immediately preceding their formation. 

A third contribution appeared in 1909 ( 11 ), and in this the writers 
showed that, although the plants produced aposporously develop sexual 
organs, these are sterile and no sporogonia arc produced. In this paper 
the discovery of organs of mixed sex is recorded in plants of Bryutn 
caespiticiuni and Mnium hornum wliich had been produced aposporously. 
The authors emphasized the fact that up to that time no mixed organs had 
ever been described in dioecious mosses; Hy ( 7 ) had previously observed 
similar organs in Atrkhum undulatum and Holferty iC) in Mnium cuspi- 
iMum, but both these species arc monoecious. 

of Botany, Vol, XXIX. No. CIV. JoJy, 1915.) 
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Organs of mixed sex had, however, been noted in two dioccio^s 
mosses previously to 1 909. Lindberg in 1879 (8) described and figured suqI, 
organs in Brachythccium erythrorrhizon. This moss is described as monoe- 
cious in the ‘ Bryologia Europaea ’ (4, 14), but Lindberg, after the examina- 
tion of numerous specimens, concluded that this species is really dioecious 
The mixed organs were discovered in heads situated on stems which also 
bore normal female inflorescences ; some of the organs resembled antheridia 
and others archegonia, while a complete series of intermediate forms were 
also present. Bergevin in 1902 (1) discovered and figured similar structures 
in P lagiothecium sykaticum, an undoubtedly dioecious species; among the 
examples described, some arc monoecious, some synoecious, and organs 
showing all stages of transition between antheridia and archegonia are 
found ; no section.s of these organs were made. A similar instance has 
been discovered in Mnium hornum by the present writer. 

The axis which bore the organs of mixed sex had the appearance 
of a male individual and was collected in Kent in the spring of 1911, 
with a number of others which, as far as they were examined, all bore 
normal antheridia. The specimen was preserved in Flemming’s weak 
fluid, and was examined by means of longitudinal sections. A considerable 
number of normal antheridia are borne in the head, and the majority 
of these contain almost mature spermatozoids ; no normal archegonia 
are present. 

Unfortunately the whole of the sections were not retained, but in those 
kept fourteen organs of mixed sex were di.scovered. The.se show almost 
all transitions in structure between archegonia and antheridia. The orgaas 
represented in PI. XX, Figs, i, 2, 3, 4 resemble the normal female organ in 
form, consisting of a venter and elongated neck. The walls of the venter are. 
in most cases, only one cell in thickness, and thus differ from those of the 
normal archegonium ; traces of a double wall are however seen in the organ 
represented in Fig. 4 . The neck canal-cells have in many cases divided by 
walls parallel to the a.xis of the organ, and the resulting cells resemble 
■spermatogenic cells; this is particularly the case in P'ig. i. It is, however, 
difficult to definitely ascertain the nature of these cells as, in most cases, 
they appear to have undergone partial degeneration ; it seems evident th.rt 
the organ.s under consideration po.sscss archegonia! characters, in so far that 
a ferment is produced by the neck-cells which acts upon the cells present in 
the canal and brings about their partial conversion into mucilaginous 
material. It is improbable that the condition of the cells in question is due 
to imperfect fixation as spermatogenic cells in neighbouring normal anthe- 
ridia are well preserved. In the organ shown in h'ig. 3 two cells arc present 
in the venter, each containing a deeply-staining nucleus of medium size and 
somewhat scanty cytoplasm. It is probable that the upper of these repre- 
sents the ventral canal-cell, and the lower the ovum. Similar cells are 
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found in the younger archegonium represented in Fig. i. In the organ 
shown in Fig. i two naked cells are present in the venter, and the canal only 
contains a small quantity of mucilaginous material. In this case it appears 
probable that the contents of the neck have been ejected, leaving the ovum 
and ventral canal-cell in the cavity of the venter ; unfortunately the upper 
part of this organ had been destroyed during manipulation. Although it is 
doubtful whether fertilization could have taken place in the structures repre- 
sented in Figs. I and 3, there appears to be no reason why one of the cells 
present in the venter of the organ shown in Fig. a should not have functioned 
as an ovum. In Fig. 4 three cells are apparently present in the venter. 

The organ shown in Fig. 5 has the general form and appearance of an 
anlheridium, but differs in being longer and narrower than the normal 
organ. The upper part contains numerous spermatids, while in the central 
part of the lower portion two cells are present which bear a close resem- 
blance to an ovum and ventral canal-ccll, both in appearance and position. 
The spermatids closely resemble those found in the normal antheridia, and 
little or no production of mucilaginous material appears to have taken 
place. The organs previously described may perhaps be looked upon 
as modified archegonia, but that shown in Fig. .5 is obviously bisexual. 

It has been already pointed out that Ivl. and ^im. .Marchal have 
discovered organs of mixed sex in aposporously produced plants oiMiiium 
horimm, and it might be urged that the organs just described were borne on 
an individual which had been aposporously produced. It has been shown 
by Brizi ( 3 ) that capsules of Funaria hy^rovietnca can give rise to protone- 
niata while still attached to the living moss plant, and it is not improbable 
thatapospory may sometimes take place in nature. Iril. and 6m. Marchal (12) 
have shown that a plant produced in this way would possess the diploid 
number of chromosomes. An examination of the normal antheridia was 
therefore made, and this led to the discovery of one in which divisions of the 
spermatogenic ceils were taking place. The dividing cells are in the 
condition of late prophase, and there is little difficulty in determining the 
number of chromosomes (Figs. 6, 7. and 3 ). .X number of counts were made, 
and in all cases six chromosomes were pre.sent. As it has been previously 
.shown ( 13 , 19 ) that this is the haploid number for Mnium liorniim. it 
is evident that the plant in question did not have an apospoious origin. 

In view of the discovery of organs of both sexes on a single axis 
of Mnium hornnm, a further examination of the results obtained by 61. and 
Em. JIarchal is rendered necessary. According to these investigators there 
IS an absolute separation of the sexes at tiie reduction dia isioii. The 
unisexual character is retained throughout the haploid phase, and the 
reunion of the sex determinants is brought about by fertilization. ‘ La 
reduction chromatique . . . cst, a coup sur, la cause determinante de la 
disjonction sexuelle, Le caractire unisexue de la .spore conserve rigou- 
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reusement a travers tout la phase haplordique. . . . L’acte de la fecondatioj 
reunit a nouveau dans I'ceuf les deux determinants sexuels’ (10, p, J55J 
In an aposporously produced individual it was assumed that no previous 
reduction had taken place, and in a later paper (12) the correctness of this 
assumption is demonstrated, for it is shown that the gametophyte of 
an aposporously produced moss contains the %n number of chromosomes 
In the absence of meiosis such an individual, according to the theory 
will be necessarily bisexual, and proof that this is actually the case is 
brought forward by means of numerous cultures (10). 

The proportion of bisexual axes in such cultures is, however, unex- 
pectedly small. In the case of Bryiim cacspiticium, out of i,73,S axes 
examined, 1,579 or po-X % were found to be male, 154 or 8-8 % bisexual, and 
5 or o-a8 % female. During the third month of the production of sexual 
organs the proportion of bisexual axe.s rose to 1 1-2 % (10, p, 782), Mniim 
hormmmA Brynm argenkutn gave almost similar results. 

If there is an absolute separation of .sex determinants at the reduction 
division as suggested by 61. and Em. Marchal, it would be expected that at 
least a very large proportion of the axes formed on aposporously produced 
protonemata would bear both male and female organs. Tlic results just 
quoted show, however, that this is not the case, and a further explanation 
must evidently be sought for to account for the great preponderance of male 
individuals. It is evident that the proportion is not affected by external 
conditions for, in cultures of dioecious mosses produced from spores, carried 
out by the same investigators ( 9 ) under similar cultural conditions, the 
numbers of male and female individuals were approximately equal ; varia- 
tions in light intensity, heat, and nutritive conditions had no appreciable 
effect on the proportions of the sexes. 

61. and ^Im. Marchal a.ssume that the uniscxuality of the plants in 
the aposporously produced cultures is only apparent, and that it bides 
a potential hermaphroditism. Evidence for this is brought forward by 
showing that, in the second aposporous generation, i.e. in plants borne 
on protonemata normally produced from the leaves of the first aposporous 
generation, a small number of synoecious axes is always found, and this pro- 
portion is approximately constant whatever the sexual condition of the 
parent pla 

The production of protonemata from various part.s of tlie gametophyte 
may be looked upon as a special form of vegetative reproduction, and it 
would be expected that such protonemata would produce axes of similar sex 
to that of the parent. This, indeed, has been shown to be the case by El. 
and Ivm. Marchal in normally produced individuals ( 9 ). In the case 
of Bryum cacspiticium, however, a protonema derived from an aposporously 
produced synoecious axis gave rise to twenty-two axes, of which eiglitcen 01 
81-8 % were male and four or 18-2 % bisexual. Male and female axes gave 
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■imilaf results. It is noteworthy that the percentage of bisexual axes pro- 
duced has no relation to the sexual condition of the parent ; the protonema 
derived from a bisexual individual does not produce a larger number 
of bisexual axes than one produced from a male or female plant ; in all 
cases a large proportion of male axes are produced. 

Several instances of the occurrence of hermaphrodite axes in various 
dioecious mosses have been mentioned above, and these render it question- 
able whether the proportion of bisexual individuals in the aposporous 
oenerations is really higher than that occurring in normal plants. If, as the 
result of further research, it is established that the increased proportion does 
exist the possibility that it is brought about by the disturbance in the 
metabolic processes caused by the abnormal number of chromosomes 
present in each cell must be considered. It has been shown by lil. and 6 m, 
Alarchal ( 11 ) that the presence of the diploid number of chromosomes 
results iu the increased size of the organs, cells, and nuclei of the apospo- 
rously produced plants, and it appears to be possible that it has also 
had a disturbing influence on the .sexual condition of the individuals, 

Strasburger (15) in discus.sing the results obtained by El. and Em, 
Marchal points out that the work of Philibert is of importance. Philibert 
(13) found that in Himinhllicciiim fallax, Camftothcdmn lutescens, and 
FissMcns bryouies protonemata derived from dying lcave.s and lower parts of 
the female plants produced .small male plants. These mosses are normally 
dioecious, but it is obvious that in these cases no complete sex separation 
can have taken place. The peculiar distribution of sexual organs in Mnium 
(indidioidcs described by Mildc in 1865 (izu) must also be considered here. 
This species is normally dioecious, but in certain apparently sterile axes 
Mildc found small bud-like structures each containing antheridia and 
archegonia. In this case also sex scp.iration must therefore be incomplete. 

If the conclusions of 61 . and Em. Marchal arc accepted, it must 
necessarily follow that in the Musci each kind of gamete bears only 
the potentialities of its own sex. There is, however, no direct evidence 
that this is the case in the Hryoph) ta. No in-tanccs of apogamy are at 
present known in this group, and investigations as to the sexual condition 
of particular species are very few in number. Apart from the work of 
El. and Em. Marchal no researches of this kind have been carried out in the 
■Musci. Among the Hepaticac Sphat'rccivpus has, however, been the subject 
of a somewhat similar investig.ation. Strasburger (10) tjuotes the results 
obtained by Cb. Douin, who examined the sexual condition of the plants 
arising from the four spores of each tetrad in two species of this genus, hi 
hoth 6 '. Icrrislris and A. ialifoniian the spores of each tetrad remain 
in contact, and the resulting plants are in consequence found in groups 
of four. Eighty-onc of these groups were examined, and in sixty-four 
of these two male and two female plants were found ; in thirteen cases 
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no conclusion could be arrived at on account of the failure of germination of 
some of the spores ; in four groups the results did not agree with the 
supposition that two male and two female spores were present in the tetrad 
Strasburger accepts this as proof that sex separation takes place at the 
division of the spore mother-cells, and results in the formation of two male 
and two female spores. Blakeslee (:2) has investigated the sexual condition 
of the spores in Marchantia polymorpha and Fegatella conica, and finds that 
in each of these species the spores from any one capsule give rise to both 
male and female plants. 

It is interesting to note that variations in the sexual condition of 
normally dioecious species have been discovered in the Hepaticae as well as 
in the Musci. In Preissia commutata the occurrence of an androgynous 
receptacle has been described by Townsend ( 17 ), and such organs arc not 
infrequently found in this species. The investigations on the Hepaticae 
which have just been described are of the type of that of 6l. and tm. 
Marchal on the Musci, and do not bring forward any direct evidence as to 
the sexual condition of the gametes. 

Investigations carried out on other groups are more numerous in 
number, but it is questionable how far the results obtained are applicable to 
the Bryophyta. 

Strasburger fully discussed the question of sex determination in 
1909 ( 16 ), and concluded that in plants generally each kind of gamete 
bears only the tendency of its own particular sex, i, e. maleness is confined 
to the spermatozoid, and femaleness to the ovum. Correns ( 5 ), on the 
other hand, concludes that in the higher plants and animals the germ-cells 
of one sex are homogametic, while those of the other are heterogametic ; he 
considers that it is probable that the homogametic germ-cells agree in 
.sexual tendency with the sex producing them, while of the heterogametic 
germ-cells halt bear the tendency of one sex and half of the other. It 
appears, therefore, that considerable difference of opinion e.xists on this 
point, and that the evidence is not by any means conclusive. 

The results obtained by 61. and Em. Marchal in their experiments 
with the Musci are of great intcrc.st, and emphasize the nece.s.sity for further 
research. In view, however, of the occurrence of mixed organs in an axis 
of Mnium hornum which has been just described, and the similar cases 
previously noted by investigators in other mosses, together with the work of 
Philibert and Milde, these results cannot be accepted as conclusive of the 
place and method of sex determination in this group ; further research i; 
necessary before a definite statement on this subject can be made. 

The supposition that se.x determination takes place at some fixed 
stage in the life-history of the plant, and that it is brought about by 
the separation of chromosomes, obviously leads to many difficultic.s. It's 
therefore suggested that sex is determined by certain metabolic processes 
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which are spread over a considerable number of cell generations, and which, 
as a general rule, are unaffected by external conditions. It is possible that 
these processes are initiated at a certain stage in the life-history, but it 
is unlikely that they depend on the separation of actual protoplasmic 
masses at any particular cell-division. If this view is accepted, variations 
from the normal sexual condition of a species may be explained by assuming 
the presence of some unusual factor which has interrupted the normal 
course of metabolism. No adequate explanation of such sexual abnormali- 
ties has been given by the upholders of the theory of sexual determination 
by the separation of determinants at some particular division. If, however, 
the view outlined above is accepted, the explanation of such cases becomes 
very considerably simplified. 

In conclusion, it may be pointed out that the majority of investigations 
on the subject of sex determination have been carried out on animals. 
The conclusions so arrived at cannot be justly extended to plants, which 
differ fundamentally from animals in tlic possession of a definite alternation of 
generations in their life-history. The fact that in animals meiosis always 
corresponds with the gametogcnic divisions, while thi.s is rarely or perhaps 
never the case in plants, renders comparison of the two groups very difficult, 

Similar investigations on plants have almost all been confined to 
Angiosperms, in which the alternation does not result in sharply distin- 
guished generations. It is probable that further research of a similar nature 
carried out on tlie Bryophyta and I’teridophyta, in which the generations 
are always distinct and, in the latter group, usually lead an independent 
existence, would give valuable results. 

SUMM.tRY. 

1. An axis of .Mnium hornnm is described, bearing normal antheridia, 
bisexual organs, and modified arcliegonia. 

2 . The spcrmatogenic cells of the normal antheridia possess six 
chromosomes and, since this is the normal gametophytic number, the plant 
in question cannot have been produced aposporously. 

3 . The results obtained by £.1. and lim. Mavchal arc discussed, and it is 
suggested that sex determination is not bound up with meiosis, but is 
brought about by metabolic processes which operate in the organism over 
a considerable part of its life-history. 
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EXPLANATION OF PLATE XX. 

Illustrating Dr. Wilson's jmper on Jjex Determination in Mnium hormm. 

All the figures were drawn with the camera lucida, Pigs, i-.) under 1 2 mm. apochr. hom. imro, 
Zeiss N. A, 1*40 with comp. oc. 4, x 500; Fig. 5 under a D achrom. Zeiss with cotnp. oc. 4 
X 220 ; Figs. 6, 7, and 8 under a j mm. apochr. hom. iram. Zeiss .A. 1-40 with coinp. cc, 1^. 
X 225a 

All the figures refer to Mnium hornum. 

Fig. I. A young motlified .irchcgonium, showing division of the neck canal-cells. 

Fig. 2. A mature motlified archegonium in w'hich the contents of the neck have been ejeeted: 
the naked cells iu the venter are probably the ovum and ventral canal-ccll. 

Fig. 3. A modified archegonium, showing spermatogenic celts (t) in the neck-canal. 

Fig. 4. A modified archegonium, showing spermatogenic cells (I) in the neck-canal. 

hig. 5. A bisexual organ, showing spermatids in the uj>{x;r ]>art anti an ovum (Is .and ventral 
canal-cell {V) in the lower part. 

Figs. 6-8. .Spermatogenic cells from a normal antheridium in late prophasc of division, caJi 
showing six chromosomes. A chloroplast is seen in the right-hand lower comer of the cell shown 
in Fig. 8. 
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Spermatogenesis in Mnium affine, var. ciliaris 
(Grev.), C.M. 


BY 
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Aort^mste/n Vnivenily^ Evanston, III. 

With Plate XXL 

C ONSIDERABLE interest has recently been manifested in cytological 
investigation of antheridial tissues and sperm-cells of the Eryophyta. 
Inasmuch as quite different results have been described by various writers, 
it has seemed to the author worth while to present here a few observations 
concerning Mnimn offiiic, vir. cUiiiris. Since Wilson (6|, Allen (1), and others 
have quite thoroughly reviewed the literature upon the subject, it seems 
imwise to incorporate here that which would be largely a repetition of their 
work. Only a few points concerning which somewhat different observations 
have been reported may be mentioned briefly. 

In my paper (S) on ‘ Spermatogenesis in Blasia pusilla ’ reference was 
made to Wilson's work (6) on Muium, Alruliuvi. and P(llia\ also to 
Allen’s (1) investigation of Polyiricliuiit. Wilson describes for ilninin and 
Airkhum the nuclear origin in the androcyte of a unique structure which 
he terms a ‘ limosphcrc ’. The latter is composed of rod-like structures 
developed from material passed out from the nucleolus. Two other 
divisions from the nucleolus occur, one forming an accessory body, probably 
similar to the ‘ Nebenkbrper' described by ikeno (3), the other functioning 
as the blcpharoplast. In J^cHia Wilson finds centrosomes and centro- 
sphercs present during the last division of the spermatogenous tissue. He 
is convinced that in this case the centrosome persists and functions as the 
blcpharoplast. A limospherc and an accessorj’ bod)’ arc also present 
in the androcyte of PclUa. 

Allen (1) has followed tire cytological details of the spermatogenous 
tissue of PotyU-khum up to the beginning of the transformation of the 
androcyte. Consequently he did not have occasion at that time to observe, 
if present, the structures referred to above in Wilsons paper. However, 
during the earlier as well as later divisions of the spermatogenous tissue, 
Allen finds certain interesting structures. Kinoplasmic material becomes 
differentiated as plates which occupy the broad poles ot the spindles during 

lAniinIs of Botany, Vol. XXIX. No. CXV. July, jglfrl 
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karyokinesis. These polar plates are frequently observed to consist of 
individual granules, the kinetosomes. These plates of kinetosomes seem to 
actively function in spindle formation. When the cell-wall is formed only 
one plate is left in each cell. This plate divides and the two daughter, 
plates take up positions respectively at tlie poles of the succeeding spindk, 
In the androcytc mother-cell, however, instead of a plate only one granule 
appears at the spindle pole. As the groups of kinetosomes in the earlier 
generations divide into two daughter-plates preceding spindle formation, so 
this single polar body divides into two daughter-bodies which occupy 
re.spectivcly the poles of the last androgoniat division. Allen is convinced 
that each of these two polar or central bodies persists in its respective cell, 
or androcyte, and there functions as the blepharoplast. No observations 
were made which would settle definitely the origin of the central body 
in the androcytc mother-cell. 

For convenience, part of the terminology suggested by Allen will 
be used in this paper. The word ‘ sperm ’, however, is used instead of 
antherozoid. Allen designates the cell which is to be transformed into the 
sperm as an ‘ androcyte the cell generation just preceding the androcyte 
as composed of ‘ androcytc mother-cells and any spermatogenous cell 
of a still earlier stage as an ‘ androgone ’. 

Walker (5) finds that in the earlier divisions of the spermatogenous 
tissue of Polytriihtim formosmni\\^ spindle poles are blunt, while in inelast 
division fibres radiate from a centrosomc-like body. These bodies were 
first observed on opposite sides of the nucleus. Walker is convinced that 
these centrosonte-like bodies persist in the androcy'tos and function as 
the blepharoplasts. During the transformation of the androcytc, chromatin 
masses arc extruded from the nucleus into the cytoplasm. These masses 
of chromatin probably correspond to the ‘ chromatoiden Xebenkorper’ 
described by ikeno (3) for Mardiautia and the ‘ limo.-phere' reported by 
Wilson (6j in Mnium Itorniim and Atrichmn uudulatutH. As the sperm 
develops, an arched band, probably similar to the ‘ cytoplasmatkhcr 
Fortsatz’ of Ikeno, connects the blepharoplast with the nucleus. The 
development of this band may be at the expense of the extruded chromatin 
bodies. This connecting band may later be absorbed by the nucleus. 

Black (2) finds the blepharoplast in Riaui hroslii appearing first 
in one angle of the androcyte as a sharply differentiated part of the 
cytoplasm. A small granule may sometimes be observed occupying each 
pole of the last division spindle, but no evidence was obtained to show that 
these polar bodies or granules persisted to function a.s the blepharoplast. 
The latter develops along the periphery of the androcyte as a honiogcncou> 
appearing cord. Neither the ‘ cytoplasmatischer Fortsatz ' nor the ‘lifflo- 
sphere ' and ‘ chromatoiden Nebenkbrper ’ referred to above were observe 
by Black. As the cord-like blepharoplast elongates the nucleus assumes a 
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crescent shape, becomes homogeneous in appearance, and closely applied to 
the blepharoplast. The latter extends forward as a narrow thread teimi- 
natin" in ® thickened head which bears two cilia. 

The writer has spent some time in studying certain of these features in 
Porclla, Marchantia, Fegalelta, and Blasia. A statement made in regard 
to the development of the sperm of Blasia (8) seems to be quite as appli- 
cable to the three others just mentioned. It seems also to be true of Riccia 
frosiii as described by Hlack. ‘ The blepharoplast makes its appearance 
first as a dense area of cytoplasm in opposite ends, respectively, of each of 
the pair of spermatids. Gradually a definite granule or body is differentiated, 
which develops as a thread or cord around the cel! near to the plasma 
tnembrane. This cord, the blepharoplast, stains homogeneously through- 

Following its course the nucleus lengthens in close contact with the 
blepharoplast, the two become indistinguishable by the time one complete 
turn is made, and the body of the sperm, which .stains like chromatin, con- 
tinues to increase in length until the mature form is reached. Two cilia are 
developed probably from the forward end.' The writer has not observed 
in these forms the ‘ cytoplasmatischcr Fortsatz’, the ' limosphere or the 
‘ chromatoiden Nebenkbrper’ referred to above. While polar bodies were 
observed occupying the respective poles of the last division in Marchantia, 
it was not found possible to trace them as bodies of morphological rank 
throughout the telophase of this division. 

When we compare these results obtained from the Liverworts with 
those recently described for species of Moss by Wilson, .\llen, and Walker, 
there seems to be a considerable dilTercncc in respect to the details of 
development. Recent investigation, however, has led me to believe that 
the difference is not so great as at first seems apparent. It might be well 
at this point to call attention, on the other hand, to certain phenomena which 
seem to be quite constant, judging from recent rcpoi ts, throughout spermato- 
genesis in both groups of the Bryophvta. Obvious!}’ there is a general 
agreement as to the form of the mature sperm. This body consists of 
a cicsceiU'.shapcd, curved, or coiled slender portion representing nuclear 
material, while projecting bcx’ond one extremity, which mav' be termed the 
anterior end, is tlie blepharoplast bearing two very delicate slender cilia. 
Occasionally a vesicle is attached to the posterior portion of the sperm. 
The exact character of this vesicle remains as yet .-omewhat uncertain. 
Ilalker (5) considers the vesicle to be made up largely ol extruded cltro- 
matin, Wilson (6) thinks that material extruded from the nucleus is present 
in the vesicle, wliiic Black (2) and Woodburn (7 and 8) have referred to it 
as cytoplasmic in nature. 

Practically all of the writers too agree quite closely in their descriptions 
and figures of tire early stages of the andiocytc. This cel! consists of 
a well-defined and relatively large nucleus, a surrounding zone of cytoplasm 

f. g 2 
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bounded apparently by a very delicate plasma membrane, and situated 
somewhere within the cytoplasm there appears quite early a conspicuous 
dark staining body, usually more or less spherical at first, the blepharoplast, 
The origin and nature of this body is as yet a matter of dispute, It 
evidently functions in the development of the cilia, and whether it has to 
do with the growth processes of the latter or with the change in form of the 
cell, it or some portion of it certainly forms the base of attachment for the 
cilia. 

The two stages wherein there seems to be more general agreement, the 
androcyte and the mature sperm, may be considered momentarily resting 
or fixed conditions, that is, for a very -short time at least, there seems to be 
no noticeable change of form or internal structure. This may account for 
the fact that these two stages appear to be most constant throughout 
the various genera of the Bryophyta. It is during the very active conditions 
of karyokinesis which lead directly to the formation of the androcytes, and 
during the transformation of the androcyte into the mature sperm when the 
internal cell structures are rapidly changing and are certainly in an e.xcced- 
ingly high state of plasticity, that decidedly varying observations have been 
recorded. These facts, coupled with the extremely small size of the cells, 
make it rather difficult to follow with certainty the minute details of 
development. 

The writer has been engaged for some time past in studying spermato- 
genesis in certain of the Musci, esi>ccially in Mninm opine, var. aliaris. 
While it seems quite probable that many things have been elusive, and 
doubtless there is much yet to be recorded, it seemed wise to present 
here a few observations. 

The antherldial heads were killed in chrom-osmic-acetic acid according 
to the formula of Mottier (4), washed, dehydrated, and embedded In 
paraffin in the usual way. The sections were for the most part cut fi\e 
microns thick. For staining purposes aniline-safranin and gentian-vioid 
were used with good results, also Haidenhain’s iron-alum-haematovjlin 
counterstained with Bismarck brown. The bc.st material was secured and 
fixed in the field one afternoon, May to, after a heavy rain with the 
temperature near 70° Fahrenheit. The tissues were well supplied uth 
water, the plants were in good condition, and many dividing nuclei were 
found. While the Mos.s has developed considerable adaptation to drought, 
yet it is noticeable that the tissues respond very quickly to changes m 

ttioisture. . a ,1 

Certain slides were also prepared of sperms which were allowe 
escape in a drop of water, and while in the free swimming state killed lut 
a per cent, osmic acid. These were stained with aniline-safranin an 
gentian-violet. 
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jiESTiNG Stages and Propiiase in the Antheridial Tissues. 

It may be well to speak briefly of the condition of the earlier cell 
„jneration.s in the antheridium. The cells arc somewhat larger in the 
young antheridia than those found in the mature condition. Compare 
PI XXI, Fig. I with Figs. 8 , y, and lo. Much growth, however, takes place 
as the cells of the later generations have not diminished proportionately in 
gjje in comparison to the number of divisions which have occurred, neither 
do the cell-contents seem to grow depleted. (Cf. Fig. i with Fig. lo.) The 
cytoplasm is finely granular, sometimes showing a tendency to form more or 
less flocculent masses (Fig. i). Again, it may be observed very evenly 
distributed throughout the cell without any noticeable lumps or flakes 
(Figs. 3 , 4 , 5, und 6 ). The appearance of the antheridium from which the 
latter figures were drawn suggested most excellent fixation ; however, it may 
also be true that the flocculent nature of the cytoplasm shown in Fig. i may 
be a natural condition and not an artifact. I have ob.served that in the 
deeper tissues, in those cells nearer the base of the antheridium where the 
fixing fluid does not penetrate so quickly and with as great strength as it 
does nearer the tip, frequently, although not constantly, there is a tendency 
towards vacuolization. The clear central part of the nucleus around the 
nucleolus is larger, with the chromatin network collected nearer the nuclear 
membrane, while the cytoplasm tends to collect in lumpy masses nearer the 
plasma membrane. A careful study was made with these facts in mind in 
an endeavour to give here representative figures. 

A nuclear membrane is clearly present during the resting stage. The 
contents of the nucleus consist of a very conspicuous deeply staining and 
relatively large nucleolus surrounded by a clear region, which sep.arates the 
nucleolu.s from a peripheral chromatin network (Fig-s. 1 , and 3 ). W alker 
reports practically the same condition in the resting cells of Polj'tnc/iiiHl, 
but also describes and figure.s delicate threads connecting the nucleolus w ith 
this reticulum. The rs’ritcr w as not .able to observe these thre.ads in Mmuni. 
The chromatin network is often partly obscured by a very finely granular 
substance, which appears usually during active conditions of prophase. 
This may be material which at other times, cither earlier or latei , may be 
represented in the sub.stancc of the nucleolus or chromatin and is at this 
paiticuhrr stage in a transition.al condition. .\t least it is quite clear that as 
the nucleus prepares to divide the nuclear network becomes moi e prominent, 
the lumps tending lo draw out along the connecting threads \l‘ig. 3 ', toim- 
iirg eventually a distinct spireme (Fig. 4). During this process the nucleolus 
gradually loses its affinity for the stains tFig.s. i, e. and j) and finally 
is lost sight of altogether (Fig. 4). It is interesting to note th.at as the 
nucleolus apparently loses material the chromatin is most densely aggregated 
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immediately upon the periphery ‘of the clear surrounding area (Figs. 2 andj) 
This suggests a supply of material passing from nucleolus to chromatin in a 
plastic condition, not as already formed chromatin granules. 

The Form.ation of the Chromosomes. 

The condition represented in Fig. 3 passes very quickly over into the 
spireme stage (Fig. +). By this time the nuclear membrane and also the 
nucleolus have disappeared, and the spireme seems to be loosely coiled 
throughout the nuclear region (Fig. 4). The spireme segments trans- 
versely into six chromosomes (Fig. 4^). Numerous counts were made, and 
while the chromosomes arc so small and slender and .somewhat intertwined 
in this stage, six seems to be the correct number. Six chromosomes Mere 
al.so counted in Polytrichum commune (Figs. 32 and 33). Fig. 31 shows the 
condition of the chromatin in Polytrkhmn commune just prior to the stage 
represented in Fig. 32. A .spireme is apparently formed, but is much more 
closely wound than in Mnium (cf Figs. 4 and 4 " with Figs. 31 and 3:). 
The chromosomes in Muinm arc long and slender as they pass to the poles 
(Fig. 41^), where they unite again into a spireme condition (Fig. 3). 


Tei.oihases. 


Fig. 5 show.s one cell in an early telophase which, judging fro'-.i the 
size of the anthcridium and the fact that the cells arc beginning to .separate 
and round off from each other, sccm.s to be the last division of the spermato- 
genous tissue. No division that can be termed diagonal occurs in Jlm/iiii 
affine, var. ci/iaris. The androcytes in their earliest condition arc quite 
regularly found lying singly. Occasionally there may be the slightert 
suggestion of a pair. Whereas in the majority of the Liverworts it i.s quite 
easy to determine, as carl)’ as the time of metakincsis, by the position 01 
the spindle, whether one is dealing with the last division or an earlier one, 
in the case of Mnium it is much more difficult. My observations lead me 


to believe that the androcytes round off from each other and enter upon the 
succeeding changes quite slowly and gradually until certain .'■tapes arc 
reached, when, probably due to favoiir.iblc environmental conditions, lire 
remaining phases of transformation arc passed through quite rapidl)-. Tiic 
discussion of the further development of the androcyte will be taken up 
later. A study of the .stages represented by Figs. 3 and d shous that 


practically the .same proce.s.se.s in reverse order occur during the reorganiza- 
tion of the nuclei a.s occurred during the prophascs. In I'i.g- .1 ‘acJ 
daughter-nucleus ha.s pa.sscd over into the spireme stage, while in I'lg-^ 
the spireme is giving way to a chromatin network surrounding a mtclcohk 
(cf. Fig. 6 with Figs, i, 2, and 3). The first indications of a cell-plateau 
shown by the thickening of the spindle fibres near the middle (fig- .h' 
while in Fig. 6 a delicate cell-plate is shown extending almost completely 



447 


Milium affine, var. ciliaris [Grev), C.M. 

jcross the cell. By this time the daughter-nuclei have returned to approxi- 
mately the condition of prophase shown in Figs, a and 3. During these 
stages as represented in Figs. 4, 5, and 6, no lumps, cytoplasmic plates, or 
polar bodies of any sort could be detected in the cytoplasm, and the cells 
seemed to he perfectly fixed and were very carefully stained. 

The Androcyte and its Development into the Mature 
Sperm. 

The first evidence that the last division of the spermatogenous tissue 
(]3S occurred is the rounding off of the cells (Figs. 7, 8, and 9) and the 
appearance near the periphery of the cell of a densely staining body, 
the blepharoplast (Fig. 10). As was stated above, the last division of the 
spermatogenous tissue is not diagonal, so that frequently antheridia are 
found crowded full of such cells as arc represented by Figs. 7, 8, and 9, but 
quite often more angular in outline than these figures. The cells apparently 
do not noticeably round off or separate from each other until this la,st 
division is complete. The tissue from which Figs, 3, 4, 5, and 6 were 
drawn was evidently undergoing this division as the cells were beginning to 
separate and round off slightly. Only in cells which have become free from 
each other have I found the development of the dark body, the blepharo- 
plast, shown in Fig. 10. In the earlier cell generations of the antheridium 
no such body was discovered. The evidence obtained here in regard to this 
body points to an origin similar to that which the author has previously 
suggested for Bhisia, PorcUa. and other Liverworts. In Hlasia (H) the first 
indication of the blepharoplast is a deirsc area of cytoplasm. -A. definite 
granule is differentiated apparently in this dense area and develops as 
a homogeneously staining thiead or cord around the cell near the plasma 
membrane. A similar process obtains in Miiium (Figs, n and 12). The 
nucleus lakes up a position to one side of the cell, so that as the blepharo- 
plast grows in length the latter conics in close contact with the nucleus, 
For some time the blephai-opla.st may be ob.scrved as distinct from the 
nucleus ; then the two seem to become more or less fused together. It is 
during this .stage of development that the most varying accounts have been 
given. It seems to me not surprising tli.it such has been the case. At 
a time like this, when protoplasmic structures are changing so rapidly, 
slight differences in the inclhods of handling the matcri.al or difleicnces 
in growth conditions at the time of fix.atioir may very greatly alter the 
appearance of certain jrarls. Walker ( 5 ) has called atlcniion to the extreme 
sensitiveness of such cells as these to changes in the environment. .\.s 
I have already suggested, these facts should at least be kept in iiiind 
by any one investigating this stage of development. 

Although Wilson (6) and W.alkcr (.")) agree that, as the luiclcus takes 
cp its final position and changes to the form found in the mature sperm, the 
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chromatin is not all retained within the nuclear membrane, but that atka^j 
a considerable portion is extruded into the cytoplasm, no agreement has yet 
been reached as to the exact fate of this nuclear material after passinir out 
into the cytoplasm. The problem seems to be more difficult than that met 
with in the Hepaticae, where the nucleus, in the majority of cases observed 
remains entire and lengthens out bodily in the direction taken by the 
blepharoplast. Wilson (6) has, however, cited Pdlia epiphylla as showing 
much the same condition as he found in Mniitm hornum and Atrichnn nndu 
latum in the Musci. My observations on Mnium affine, var. ciliaris, lead me 
to believe that during this stage the nucleus does not remain as sharply 
differentiated as in the case of the Liverworts, but that there is a tendency 
for the nuclear membrane to disappear, allowing possibly a more intimate 
association between nuclear and cytoplasmic material (Figs. 13 and 14) 
The nuclear content becomes very finely granular, staining almost homo- 
geneously (Figs. 12 and 14). In Fig. 12 are shown two lumps which may 
represent nucleoli ; the remainder of the nucleus stains homogeneously. 
As development proceeds, the nucleus becomes oven more smoothly and 
evenly granular (Figs. 12 and 14), these lumps or nucleoli as well as distinct 
chromatin granules disappear, the nucleus stretches out in a direction 
parallel with the blepharoplast and at the same time loses to a certain 
extent its very distinct outline. Occasionally very dark staining l imps 
may be observed in the cytoplasm, and the nuclear part may also be .some- 
what vacuolate (Fig. 13). The nuclear membrane, if present, stains very faintly 
and can be scarcely differentiated in Figs. 13 and 14. Fig.s. 10, 11, u. ip 
14, and 15 represent cpiitc closely consecutive stages, so that the position 
of the nucleus in each case can be readily determined. Fig. 13 reprc-sents 
a wcll-advanccd stage in which the nucleus and doubtless also the bic- 
pharoplast hav e formed one complete turn, while the latter may be rc.adily 
distinguished from the former. Fig. 21 represents a stage not greatly 
in advance of that .shown in Fig. 15. The cause of the difference in appc.ir- 
ance may be due either to the fact that Fig. 13 rcpre.scnts a sperm killed and 
fi.xed inside of the anthcrulium, while the one shown in Fig. 21 had been 
allowed to escape in a drop of water on the slide and then very .suddenly 
killed with 2 per cent, o.smic acid, or the former may prob,ably icpre.sent 
a sperm normally smaller. Either one or both explanations together are 
quite plausible. Cilia could easily be seen in Fig. 21, but they could not 
be detected in Fig. 13, Figs. 10, ii, 12,13, 14, 13, and ib, while presenting 
certain features which will be discus,scd later, dcmon.stratc clearly two 
or three prominent things. The blcpliaropiast grows a.s a cord or band 
around one side of the cell. The nucleus moves to this side of the cell and 
Icngthcn.s in a course parallel with that taken by the blepharoplast. Whik’ 
these changes in form arc taking place, the internal structure of the nucleus 
changes from a coarse open network to a very smooth, granular, homo- 
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jjeneously staining substance. Vacuoles and dark staining lumps may 
appear in the cytoplasm (Figs. 13, 14, 16, 30, 24, and 23). The part 
apparently representing the nucleus may also appear vacuolate. A very 
(•lose association seems to exi.st between nucleus and cytoplasm on the 
one hand, and nucleus and blepharoplast on the other. Probably there 
js a free interchange of materials at certain stages between these three 
structures. There does not seem to be the appearance, with sufficient 
constancy, of structures other than the nucleus, the cytoplasm, and the 
blepharoplast with the cilia, to warrant a separate designation of other 
bodies such as limosphere or accessory body. Furthermore, as develop- 
ment proceeds there is the tendency for the sharp distinction between 
nucleus, cytoplasm, and blepharoplast to disappear. 

Vacuoles in the Cvtoplas.m of the Sperm-cell. 

The structure described by Wilson as a limosphere is a spherical body 
which may contain substance staining like cytoplasm, or may be hollow iii 
the nature of a vacuole. Certain of Wilson’s figures of the ‘ limosphere ’ 
correspond quite closely to my Figs. 14, 16, >3, and 2S, Black also 
reports a vacuole in the cytoplasm of Riccia Rrostii. Figs. 22 and 23 
represent nearly the same stage of development, but do not represent 
similar conditions of vacuolate cyto[)lasm. The cytoplasm in Fig. 22 
contains a number of vacuoles, while that in Fig. 23 contains only one. 
Such a vacuole as is .shown in Fig. 23 gradually disappears (Figs, 28 and 
29). The relation a.s regards position whicli this vacuole bears to the main 
body of the sperm suggests that the latter may receive the finely granular 
substance which bounds the former. The small granule shown in Fig, 14 is 
not ill tile centre, but lies at least near and prob.ib!y upon the surface of the 
vacuole. The granule in F'ig. 13 may represent the same kind of body. 
Pos.sil)ly these ai'c nucleoli which have become free in tiie cytoplasm. 
Nucleoli, or fragments of nucleoli, arc doubtless frcquentl)- left free in the 
cytoplasm of higher plants during karyokinesis, when the nuclear membrane 
docs not longer separate chromatin and cytoiilasm. There is, at least, con- 
siderable evidence to support the theory that dining tlii.s transiormation of 
the spcriu-cell, the nuclear mcinbianc m.ay to a certain extent break down 
(Figs. 13, 14^ .and ifi), and that an exchange of subsUnKc.s between nucleus 
and cytoplasm may lake place. 

R slightly different condition is rcprescnlcd in Figs. 21, 2;i, 26, and 27, 
"here wc do not find the spherical vacuole, but a region or group of 
vacuoles. The granular substance connected with thc.se, instead ot torniing 
a hollow sphere, produces a distinct network or mesh, which reminds one 
very much of the vesicle that has been described for the s[)Crin ot more 01 
less closely-related forms. That this ve.siclo also gradually disappears 
is clearly evident from a comparison of Figs. 21, 23. 26, and 27. The fate 
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of this vesicular structure is certainly the same as that of the vacuole 
just described in the preceding paragraph. In fact, I can see no reason for 
making a distinction between the two, except that the former (Figs. i6 j;, 
23, and 38) seems to represent a single large vacuole, while Figs. 31, 3- 
and ay seem to represent a cluster of smaller ones. One characteristic 
of the latter should be mentioned which does not appear in the figures 
There is a very decided contrast between the finely granular substance 
of the nuclear portion and the strands of this vesicle, which was very 
difficult to represent in the drawings. While these vesicular strands arc 
very distinct, they do not stain like chromatin, and they have a lighter bluish 
appearance when compared with the darker richly staining substance of the 
part, which certainly contains chromatin. 

The Development and Nature oe the Blepharoplast. 

While the general course of the development of this structure has been 
described, there arc certain features which deserve special mention. Under 
certain conditions, doubtless of staining and fixation, possibly however due 
to different conditions of growth at the time of fixation, the distinction 
between the band or cord, which we have called the blepharoplast, and the 
nucleus can be traced to a much more advanced stage than is possible 
at other times. For instance, compare Fig. 16 with Fig. 21. In the 
former, although the body of the sixirm has made slightly more than 
one complete turn, the blepharoplast cannot be distinguished, while in 
Fig. 21, which seems more nearly mature, a distinct cord is visible through- 
out the entire length. F'rom Fig. 22 throughout the remaining stages 
represented, no cord distinct from the other material is evident. 

A majority of the figures of sperms have been drawn from what may 
be termed the side-view. Many .sections were found presenting the sperm- 
cells to the observer from almost every conceivable angle. A number 
of these views are shown in Figs. 17, iH, ry, and 20. Observations of iliis 
sort bring out certain facts which arc not otherwise evident. Fig. ly 
which is drawn from a view-point on a radius passing through the blepharo- 
plast, shows the latter .structure to be a relatively broad band passing 
between the observer and the nucleus. F'ig. 18, which is more distinctly 
a surface view drawn from the s.ame angle as F'ig. 1 7 and icprcsciuin’ 
a somewhat more advanced stage, shows a band considerably bio.adcr in 
proportion than that in Fig. 17 and with much denser contents along oncsiA 
than the other. The nucleus is not shown in this figure. Figs. 19 and -- 
represent cross-sections through stages such as arc shown by Figs. 16 and 
23. Both Figs. 19 and 20 had the stain (luite well washed out, and they 
were also drawn rather lightly. The nucleus has apparently all collected 
along the blepharoplast, and the two are in cross-section indistinguishable- 
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Quite an open network of cytoplasm is still present. Cross-sections of the 
yepharoplastic and nuclear band arc here obtained. In Figs. 17 and 18 
(jie cross-section of this band forms a rather flat cllip.se quite dense in con- 
tents throughout. Fig. 19 rcprc.scnts a very thin section through a cell 
ffherc the nucleus is certainly well distributed into or along the blepharoplast, 
the two forming a common cord or band. As the section pas.ses through 
this band four times it has evidently completed more than one full turn and 
a half. Three sections of the band arc elliptical in outline and densely 
trraiiular I fourth section is more circular in outline and hollow, indicat- 
iiig that at this point, which may have been near the middle, the structure 
in quc.stion was tubular. The two sections of the band which are shown in 
pjrt 20 are both nearly circular and more or less hollow, indicating here also 
j tubular .structure. The vacuole noted elsewhere is shown to lie, sometimes 
at least, to one side of the nuclear band (Fig. 20). The fact that the body 
of the sperm as first formed is often tubular or vacuolate through the centre, 
hclp.s no doubt to c.^plain the proces.s whereby thi.s structure lengthens and 
(irows less in diameter. A .section passing in a .somewliat obliquely 
horizontal plane through such a cell as is shown in Fig. 16 might very 
readily make three cross-sections of the nuclear band, and the appearance 
of this figure in .side-view would .suggest the probability that one section 
would be vacuolate in the centre and the other two more nearly homo- 
geneously granular throughout. (Compare such an imaginary cross-section 
with Fig. 19.) 

Summing up briefly conclusions in regard to the nature and develop- 
ment of the blepharoplast, a.s suggested by an observation of Figs. 10-23, 
we find that a darkly staining granule or body, apparently a cytoplasmic 
differentiation, develops into a more or less radially flattened band along the 
edge of the cell in contact with the plasma membrane. This band, which 
we «ill call the blepharoplast, is at first situated independently of the 
nucleus, but the two soon come into close contact and finally seem to 
be fused into one homogeneously staining band. The original blcpharo- 
phstic band remains more densely staining in capacity for some time, though 
rf apparently the same staining affinities (I’ig. 21). This band, consisting 
T nucleus and blepharoplast, now forms the main bod\- of the sperm, 
and cross-sections show that it is more or less radially flattened, at lea.st 
towards the two cuds, and in earlier stages a vacuole passes for some 
clislancc tlirough the centre, making the structure more or less tubular, 
at least Ihrougliout part of its length. There is a very close association 
between the nucleus and blepharoplast, with probably some question as 
to wlicthcr these two bodies remain as distinct parts or become, to a certain 
extent at least, a homogeneous structure. 
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Final Stages in the Development of the Sperm. 


It has been suggested in the previous paragraph that two structures^ 
the blepharoplast and nucleus, unite in producing the band- or ribbon-tilre 
structure of the mature sperm, which becomes coiled in the cell cavity. 
The cytoplasmic area within the coiled portion may contain one or more 
vacuoles (Figs. 22, 23, and 28) or a vacuolate area (Figs, ai, 25, 26, and 3;) ; 
occasionally the cell may be free from vacuoles (Fig. 24). Surrounding the 
vacLiolc.s material occurs which stains sometimes very much like the body 
of the sperm (Figs. 23 and 26) or more like cytoplasm (Figs. 21, 33, and 
27). In Fig. 27 around one vacuole there is located densely staining 
material, while the remainder of the vacuoles are surrounded by strands or 
layers of material staining faintly, much like cytoplasm. Probably chro- 
matin may, in greater or less quantities, be at times diffused into the 
cytoplasmic region. If such is the case, there does not appear to be 
any regular or constant structures formed from this diffused nuclear 
material. The blepharoplast is the only regular and constant formation in 
the cytoplasm. A study of the figures from Fig. 21 to Fig. 29 suggests 
very strongly that this material localized within the area surrounded by the 
coiled band is- either consumed by, or incorporated within, the main body 
of the sperm. Fig. 30 represents the most mature condition observed, in 
which the sperm is beginning to stretch out and all indications of the formerly 
included vesicle have disappeared. The last traces of this vesicle maybe 
observed on the inner surface of the sperm in Fig. 29, where a considerable 
portion does not present a smooth outline, but a surface roughened with 
granular material certainly remains of the materi.al included in the ve.sicle 


of the preceding figures. 

\\ hile it was impossible, as already stated, to diftcrentiate in the last 
stages of development between blepharoplast and nucleus as two distinct 
structures, as can be easily- done in the Liverworts, yet a study of Figs, ij, 
14, 13, 21, and 24-30 suggests th,at they do remain distinct at least for 
a considerable length of time. It seems probable that the nuclear iiiaten.il 
is distributed, in some cases at least, along the entire length of the blcpharo- 
plast. It may be also that there is a more intimate association between the 
blepharoplast and nucleus in the Musci than in the Flepaticac. In 1 ig. 19 
the blepharoplast is clearly seen projecting in both directions beyond 
the nucleus ; in Fig. 13 it is c.Ktcndcd as a sharply diffcrcnliatcd cor 
a distance bfeyond the posterior end of the nucleus. In Fig. 24 the blc- 
pharoplast with cilia attached projects beyond the anterior end of the 
nucleus, while in Figs. 25-30 one or both extremities of the sperm body are 
seen to be drawn out into slender, almost filiform, tips. 

Figs. 25-30 indicate the difficulty in determining the origin of t>e 
cilia and their attachment in the earlier stages of development. ■= 
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js due to the fact that the cilia are extremely delicate and, until the sperm 
becomes free, are usually wrapped very closely around and parallel with the 
main body. Figs. 38, 39, and 30, however, show very clearly that the 
cilia are attached at the extremity of the anterior end of the sperm. I use 
the term ‘ anterior ’ to refer to that extremity of the sperm corresponding to 
tbe portion or region in which the blepharoplast begins to develop. As 
shown in Fig. 30, the mature sperm of Mninm afjine, var. cUiaris, seems 
(0 be essentially the same as that described for other Liverwort.? and 
flosses. The vesicle which has frequently been described is readily found 
in slightly earlier or younger stages (Figs. 37 and 28). 

SU.MMARV. 

Resting stages of the spermatogenous tissue of Mnimn affine var. ciliaris 
show the usual dispo.sition of chromatin and cytopla.sm. There is a very 
prominent, densely staining nucleolus, separated from a surrounding chro- 
matin network by a clear area. Tbe cytoplasm may be evenly and smoothly 
granular or slightly flocculent. 

As the nucleus enters the prophasc of division, the nucleolus stains 
more faintly, while immediately outside of the surrounding clear region the 
chromatin aggregates more densely. A coarse reticulum is formed which 
passes over into a clearly defined spireme, hrom the latter si.x chromo- 
somes are differentiated. 

So far as observed, the nuclear division proceeds in the usual manner 
without the accompaniment of polar bodies or plates. 

The cell-plate seems to be formed in the usual way through cyto- 
plasmic activity in the equatorial region of the spindle, and the daughter- 
nuclei are reorganized by passing through stages corresponding to those of 
the prophase, but in the reverse order. 

Xo diagonal division was found to occur in either Mniuni or Poly- 
trkhuni. This makes it rather difficult to identify the last division of the 
spermatogenous tissue until it is completed. 

The first indications that this division is completed and that the 
androcytes have been formed is found in the separation and rounding 
off from each other of the cells. Next, the bleph.aroplast appears in the 
cytoplasm apparently as a cytoplasmic differentiation in the aiidrocyte 
in which it functions. 

The blepharoplast develops as a more or less radially flattened band in 
a course closely applied to the plasma membrane. The nucleus bcconies 
closely applied to the blepharoplast, loses its coarse network .and stains 
homogeneously, and lengthens parallel with and very closely applied to the 
blepharoplast. The development of the blepharoplast precedes that of 
the nucleus. The nucleus and cytoplasm during this process may not 
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be kept entirely separate, but there are indications of a certain amoimt 
of diffusion from one to the other. 

As the blepharopiast and nucleus lengthen to form the mature sperm 
they fuse more closely and eventually become indistinguishable, formina 
a homogeneous band or cord which in cross-section may be elliptical and 
densely granular or more nearly circular and hollow, showing the .structure 
to be, at certain stages of its development, tubular throughout part of 
its length. 

A vesicle, enclosed within the coiled body of the sperm and containin'^ 
cytoplasm and probably some nuclear material, disappears as the .spenn 
approaches maturity. The granular substance of the vesicle is apparently 
used up in the process of development, possibly being directly absorbed 
through the inner surface of the main portion of the sperm. 

The mature sperm is long and slender, almost filiform, pointed at both 
ends, with two cilia attached at the forward extremity of the blepharopiast. 
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explanation of figures in plate XXL 

nlostratitg Mr. Woodbum’s paper on Spermatogenesis in Mnium affine, var. dliivis (Grev,), C.M. 

PI,,, figures were drawn at tatilc level with the aid of a camera Incida, a Spencer apochromatic 

immersion tens 1-5 mm. N.A. 1-30, and compensating ocular .\o. ra, givittg a magnification of 

jpprovimately 3,!0O diameters. 

Fig. 1. Androgorre or cell from the spermatogenous tissue of a young autheridium, in a resting 
stag?' 

Fi'». 2. Nucleus, from an older antherklium, entering upon the prophase ofdirision. 

Fi". 3. Cell from the same antberidium as h ig. 7, showing the collection of the chromatin into 
lare lumps preparatory to spireme formation, and the nucleolus growing less in staining capacity. 

* fig. 4. Spireme in a cell of the same group as figs. 2 and 3. Probably just previous to the 
last antlieridial division. 

fig. 4fl. Spireme segmented into six chromosomes, which seems to be the gamelopbytic 
number for Mninm affine, var. eiliam. 

fig. 4ii, Late anaphase. 

fig. •. Telophase of division immediately following Fig. 4. 

Fig. ft, Later telophase and formation of cell-plate. 

Fig. ■. Early stage of androcyte. Cytoplasm st.mcwhat ilocculeiit and slightly lumpy. 

Fig. 8. Practically the same stage as Fig. 7, but sliowing more distinctly the chromatin 
network and the nucleolus. 

fig. p. Also early stage of androcyte, showing nucleolus and the chromatin scarcely out of the 
spiitHie stage. About the same stage as Figs. 7 and S. 

Fig. 10. Androcyte with nucleus showing a nucleolus and chromatin network. A globular 
dark staining botly, the blepharoplast, i> present in the cytoplasm and the nucleus has shifted to one 
side of the cell. 

Fig, 1 1 . Androcyte with the nucleus containing a delicate chroraatiu network. The blepharo- 
pla^t is considerably elongatetl. 

Fig, 12. A little more advanced than Fig. tt. The nuclear content is Irtcoming homogeneous, 
and the blepharoplast is growing in length. 

Fig. 13. Blepharoplast exlcmling at least half-w.ay aroiiiul the cell. The nucleus has become 
quite crescent-shaped, and a number iler.scly staining bodies arc present in the cytoplasm. 

Fig. 14. Blepharoplast ^t^ll elongating and the nucleus being distributed along its course. 
A vacuole is present in the cytophasm. 

Fig. 15. Somewhat more advancctl th.an Fig. 14. the blcph.aroplast being distinguishable 
uiily at the posterior end of the sperm. Imlicalions of a vacuule similar to the one in Fig. 14. 

Fig. 16. Sjicrm of almut the same ^tage of development as shown in Fig. 15. but i.-idicating 
much more r.apifl development. A vacuole is present ia the cytoplasm, but the nucleus and 
blepharoplast seem indjstinguish.able. 

Fig. ] 7. .Vpproximatfly the st-ige as shown ia Fig. 1 2, but viewed from the back (Fig. 1 2 may- 
be considered a side-view'. The blepharoplast is seen to be a ilat band. 

Fig. 18. From the s.arae point of view as Fig. 17, showing >,'nly the surtace. The blepharoplast 
appears to be darker .along one edge. 

Fig, 19. Cross-section through such a cell as shown in Figs. 16, 21, 22, or 23, The coiled 
portion uf the sperm, now consisting of nucleus .and blej’baropl.ast, is seer, cut in cross-section 
four times. 

Fig. 20. Coiled portion of the sjverm ent in cross-section twice. The vacuole noted e.sewhtre 
is present. 

tig. 21. Sperm allowed to csca|)c and killed with 2% osmic acid. densely staming cord, 
?vi(lgiuiy the blcpharojdast, extends ihroughout the length of the sperm. The nucleus is well 
difiiibuied along the bicpbaropl.ast. A vesicle is contained in the cytoplasmic region and cilia are 
PtCSCDl. 
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Fig. 2 3. Drawn from spenn killed while still in the antheridium. More homogeneous throngh^m 
than Fig. 2i. The difference may be due to conditioos of less rapid development at the 
of fixation or to the different condition under which fixation took place. 

Fig, 23. Approximately the same stage of development as in Fig. 22, but the majority of 
cytoplasm collected around a angle vacuole. 

Fig. 34. Slightly more advanced condition than Fig. 23. The coiled body of the sperm 
staining homogeneously, the cytoplasm somewh.it flocculenl but quite evenly distributed, and dlii 
attached to .1 slender forward projection, doubtless the idepharoplast, 

Fi'’^s. 2^-30 represent sperms which were .illowcd to eso.ipe into a drop of water from the 
antheridium \tid were killed on the slide with a % osmic acid. Some were allowed to remain longer 
than others in the water before the osmic acid was applied. 

Fig. 25. Cilia are present and .1 vesicle is quite prominent in the cytoplasm. 

Fig. 26. Cilia are present and the m.iterial of the vesicle is apparently being incorporated aj 
a part of the maiu coiled portion of the sperm. 

Fig. 27. Cilia are present. The sperm is beginning to uncoil and the vesicle is disappearing. 

Fig. 2S. Almost the same condition as found in tig- 27- A single rather large vacnolt-, which 
certainly corresponds to the vesicle shown in the preceding figures, seems to be losing its subsiMce 
to the main body of the si>crm. 

Fig. 29. Probably somewhat further developed than Fig. aS. 'I'he vesicle has almost complctdy 
disappeared, only a few fragments rcm.aining on the inner surface of the sperm. The point i 
attachment of the cilia is very distinctly shown. 

Fig. 30. Mature sperm. No indications of the vesicle remain. The sperm has evkimily bee- 
free in tlie water for a considerable length of lime. 

Figs. 31, 32, ar.d 33. IViytruhitm tommitm. 

Fig. 31. Nucleus of an aiulrogonc just previous to the differentiation of the ebromosomt-i, 
Chromatin, probably in spireme condition, wrapped in .1 rather close knot. 

Fig. 32. Differentiation of chromosomes. Six projections or loops are distinguishaL 1 : 

Fi^r, Six chromosomes just previous to the mctaj'hasc of division. 





V/Vf4ei. 


WOODBURN — MNIUM AFFINE CILiARE. 







The Pollen-presentation Mechanism in the 
Compositae. 


BY 


JAMES SMALL. RSc. (Lond.), Pu.C, 

Dnmslmlor in Udany, /trmsirimg Colligt, Durham University. 

With sevea Figures and two Tables in the Text. 
iNTRODUCTiOX. 

W HEN it is remembered that this order includes over 13,000 species, 
the very voluminous literature does not come as a surprise, but in 
spite of the numerous contributions to our knowledge of the Compositae, 
very few attempts have been made towards the elucidation of the evolution 
of even the main divisions of the order. Cassini ( 3 ), in 1826, made one of 
the first attempts to express the affinities of the tribe. He did so by placing 
the nineteen tribes, into which he divided the order, in an ellipse with the 
\’ernoniees and Lactucecs at one end and the Helianthes at the other, with 
twelve lines crossing the enclosed space to indicate the presence of some 
common characteristic in tribes which he considered to be otherwise 
unrelated. In 1871 Delpino ( 5 ) gave a phylogenetic table for the Artemi- 
siaceae showing the Compositae derived from the C.ampanulaceae through 
the Lcbeliaceae and the Artcmisiaceae derived from the Senecionidae, but 
since the Senecionidae, to which reference is made here, included many of 
the genera now in the Hclianthcae, Heicnicae, and Anthemideac, the value 
of this speculation, for it was little more, is seen to be negligible. 

Bentham ( 1 ), in i8;3, followed Cassini in his method of expressing the 
inter-relationships of the tribes with very little change, e.xcept in the reduc- 
tion of the number of divisions to thirteen and the placing of the Seiiecionideae 
between the Anthemidcae and Calcndulaccac instead of next the .■\stereae, 
a-s Cassini had it. In considering the affinities, Cassini does not seem to 
have thought of one tribe or its ancestors having giveri ri.se to any other 
tribe, as is shown by the form of his diagram and the numerous cross- 
connexions introduced, but of course he thought in pre-Darwinian tenns. 
Bentham look geographical distribution as his chief guide to the evolution 
of the different group.s, and considered that the order could be detected at 
its earliest recognizable stage in Africa, Western .■America, and possibly 
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Australia. He regarded the Ilelianthoidcae as nearest the primitive type 
and evidenced the free anthers in the female flowers of a sub-tribe, Petrobieae’ 
in addition to the presence of paleae on the receptacle and the paleaceous 
pappus of the tribe, in favour of this view. The capitula of the Petrobieae 
are, however, dioecious, and this sub-tribe of four species seems in several 
other characters to be far from primitive. From his remarks on the com- 
parative antiquity of the tribes, one gathers that he considered there had 
been three main lines of development, the first giving the F.upatoriaceae 
Vernoniaceae, Cynaroidcae, and Mutiseae ; the second giving the Helian. 
thoideae, Helenioideae, Anthemideae, Asteroideac, Senecionidcae, and 
Inuloideae ; the third giving the Cichoriaceae. 

There has been a number of efforts made to elucidate the phylogeny 
of the Cichorieae, mostly by French anatomists. Vuillemin ( 20 ), in 1884, 
after his elaborate research, concluded that anatomy was of very little use 
in the classification of this order. Col ( 4 ), in 1899, from his researches on 
the secretory canals and laticiferous tissue in the Compositae, concluded 
that the Liguliflorae were derived through the Arctotideae and Calcnduleac 
from the ‘ Radices '. Lavialle ( 11 ), in 1912, from his study of the develop- 
ment of the fruit, and in particular the .structure of the mature pericarp, 
related the Liguliflorae to the Cynareae, on the one hand, through 
Cichorium, Catananclw, and and to the Mutiseae through .l/cj. 

charia on the other. Dufour (6), in 1907, and Lcbard ( 12 ), in 1913, after 
studying the cotyledons of many seedling Cichorieae, applied their researches 
to the phylogeny of the genera in that tribe, 

The cla.ssification of the family suffered many changes before the 
publication of the ‘ Genera Plantarum ’ ( 2 ), but since then 1 lofifmann ( 10 |. in 
the ‘ Pflanzenfamilien’, has adopted Bentham's classification in all the chid 
points, and Wettstein ( 21 ) follows Hoffmann entirely. Small ( 19 ) raises 
the family to the rank of an order, which he names the Canluabs and 
divides into three families — Ambro.siaccae, Carduaceae, and Cichoriaceae. 
The separation of the few abnormal genera included in the Ambrosi.aceae 
seems rather unnecessary, and Hoffmann's classification is adopted in the 
following analysis of the variations in the characters of the essential floral 
organs, which forms the first of a .series of studies undertaken with the 
purpose of elucidating the inter- r elationships of the tr ibes. 


POI.LEX-l'KKSF.NT.\TION MeCH.\NISM. 

In order to arrive at a natural cla.s,sification of this very homogeneous 
family, many attempts have been made to utilize characters whicli in more 
varied families arc regarded as negligible. P.veu the achenial h.iir.s hew 
been studied for this purpose ( 15 ), but although the structure of the haiisd 
an order may prove valuable sometimes, as in the Cruciferac, in most cases 
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this is ^ uncertain guide to relationship ; for example, the present 
writer (18) and also Schmidt (16) and Hoch (9) have studied the hairs of 
the families of the Tubiflorae, and it is found that, while some allied 
species or even genera may show very similar hairs in many cases, allied 
species may have hairs which arc quite dissimilar. The study of the 
achenial hairs of Compositae leads to the same conclusion. Vuillcrain (20) 
showed that anatomy was no certain guide to affinity, and later papers 
and others) confirm his conclusions that anatomical characters are reliable 
only in certain special and very limited groups. The floral characters, 
therefore, become of supreme importance, and as they are so uniform 
throughout the order, the value of details in their structure must be con- 
sidered carefully. Linnaeus naturally cla.ssified the group according to the 
condition of sexuality in the florets, but the first systematist to consider the 
matter in detail (i.e. Cassini (3)) saw at once that the dominating character 
was the pollen-presentation mechanism, and he accordingly gave the 
greatest value to the characters of the styles and stamens. Lessing (13) 
followed Cassini, but laid more stress upon the characters of the style in 
the delimitation of the larger groups, and in this he is followed by 
Bcntham (2). For generic distinctions the venation of the corolla was 
used to some extent by Don, and the form of the achene by Schultz 
Bipontinus (17). 

Although the value of the details of structure of the styles and stamens 
has thus been recognized for purposes of classification, the significance of 
these details to the plants themselves has been considered negligible. Of 
all recent synautherologists, llentham gave tlie highest value to the variation 
in the appcnd.iges of the stamen, but he writes (1) : ' The anthers, however, 
are sometimes provided with certain append.ages apparently of little or no 
functional or homological importance, but whicli, nevertheless, from the 
remarkable constancy of their presence or absence in whole tribes, supply 
one of the most valuable characters in Compositae if applied with proper 
caution.’ 

■Since the liigiicst development of these appendages is found in the 
same groups witli the highest complcxit\- in the structure of the style, it 
becomes highly probable that tlie appendages have quite a definite function, 
and a consideration of the facts .shows that here, as in the rest of the 
characters, economy is the dominant factor. Kcononiy of corolla material 
leads to the aggregation of tlic flowers into a capitulum ; economy of calj'x 
material leads to the entire disappearance of that part of the flower or to 
its modification into a pappus ; economy of stamen material leads to reduc- 
tion in number of the stamens to the minimum compatible with the 
efficiency of the pollen-presentation mcch.anism ; economy of carpel 
material leads to reduction in the number of carpels to two, and of ovules 
to one. From this it will be seen that the polliniferous tissue is the only 

H h 1 
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part of the flower in which the tendency to economy has not previously 
been recognized. 

Considering the appendages of the styles and stamens in the light of 
the idea that economy of pollen is a factor in the success of the Compositae 
the value of the hairs on the exterior of the style branches and the 
appendages of the style branches becomes apparent at once. Cassini 
recognized the value of these hairs in sweeping out all the pollen from the 
dehisced sacs, but a new emphasis is given to their efficiency, and an 
explanation is afforded of the development of rings of long hairs at or 
below the point of branching, as in types X and XI, Fig. 2, the spreading 
hairs at the apex of the style branches in types IV and V, and at the base 
of the appendages in types VII and VIII. The functions of the staminal 
appendages, hitherto obscure, become more obvious, for with the corolla- 
tube of a given length and the stamens in proportion, the amount of pollen 
produced can be reduced and the staminal tube remain the same length by 
the production of a membranous prolongation at the apex of each anther. 
This is a very simple method of reducing the polliniferous tissue while 
preserving the efficiency of the staminal tube in the pollen-presentation 
mechanism. The function of the basal appendages is also made clear, since 
a tube terminating in ten more or less hemispherical lobes, as in type 3, 
Fig. I, could not be closed entirely by the style unless that organ actually 
entered the tube for some distance, in which case the pollen in that part oi 
the sac past which the style had grown would be more or less lost for 
pollination purposes, unless it were swept up the tube by hairs situated 
lower down on the style. If the apex of the style merely reached to the 
lobes when the anthers dehisced, some of the pollen would fall through the 
interstices to the bottom of the corolla-tube and thus be lost. If, however, 
the hemispherical lobes were prolonged into flattened auricles, or ciliatc 
tails, or more elaborate appendages, the .style with or without appendages 
could close the lower end of the staminal tube completely without encroaching 
on the polliniferou.s region, and thus no pollen would be wasted so far as the 
pollen-presentation mcch.anism wa.s concerned. 

The question immediately arises whether these conditions actually 
occur at the time of the dehiscence of the anthers. A considerable number 
of species has been examined, and nothing has been found which is incom- 
patible with the above explanation of the functions of the appendages. 
Each case, however, must be considered separately because a conical .style 
appendage of type VIII may be quite efficient in the absence of basal 
appendages to the stamens, and the figures in tlic tables bear this out in 
a very striking way for the Astercac, Hclianlhcac, and llelcnieae. Much 
exact work remains to be done on this point, and it is purposed to mate 
this and other problems subjects for further instalments of these studies. 

The hypothesis that the appendages of the style branches and the 
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nical and basal appendages of the stamens are the expression of a tendency 
to economy of pollen, which is limited only by the biological necessity of 
providing sufficient pollen to ensure fertilization, implies that these appen- 
dages will show correlative development, and Tables I and II are an 
attempt to analyse the development of these structures throughout the 

order. ■ 

In such tables it is very difficult to assign the correct value to each 
genus, since a small genus may represent a large, almost extinct group, 
while a large genus may be composed of numerous .small variations about 
a single type. It is obvious that a higher value should be given to one 
species of the former genus than to one of the latter. Likewise, if the 
genus is large and variable, it is proper that it should receive a proportionate 
value. Since the task of tabulating the characters of 1:5,000 species is out 
of the question, the genera have been analysed in the following way ; If 
a genus shows one type of style or stamen it has been counted i ; if it 
shows two types, then each type has been counted and if, as in some 
larcte genera, it shows three types, then each type h.is been counted so 
that a large and varied genus has the value in the tables. It was thought 
inadvisable to give a genus showing two types a value greater than unity in 
order to keep the numbers approximately those of the genera in each tribe. 

Dkscru’tiox of Stamf.ns .and Styles. 

The types given here arc in most cases of a sjmthetic character, as 
many of the intermediate stages between one definite type and the others 
occur. In all the types of stamens except types i and 4“ the apical 
appendage is prc.scnt. It is a more or less flattened outgrowth and nearly 
always simple in outline, very rarely bifid. In certain types this appendage 
becomes more elongated (types 6 ^ u, 15. nnd 16), or, as in Sckrolepis 
(Fig, 5), it may become truncate, or it may have the apex inflexed, as in 
the Ambrosinae, Type i, in which the apical ap^oendage is absent, occurs 
only in the Piquerinac, a sub-tribe of the h,upatorieae : 4^ Is a rare type 
which occurs only in Elcuthcrantherii : it is t) pe 4 without the apical 
appendage. Type 6* is intcrc.sting as occurring in a discoid genus of 
Senecioncae, Culcitium. This type and type 11, which occurs in the 
Muliscae (Ltttccria), are to be compared with the elongated apical appen- 
dagc.s of types 15 and 16, which arc the typical forms for the Cynarcae. 

The basal appendages show more variation. The)’ are absent entire!) 
from types 1 , 2, and 4. In the other types the polliniferous region is shaded 
so that the appendages may be clearly distinguished. r)’pe 4 shows 
a sagittate stamen with very small auricles: types 4 and 6 show these 
auricles enlarged ; in the former they arc obtuse, in the latter acute. T) pe 6 
occurs very seldom ; the auricles here arc enlarged. Type 7 is a sagittate 
stamen with the auricles connate ; type fi .shows the beginning of the 
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so-called tails, the auricles being mucronate ; type 9 is similar, but the 
auricles are connate and mucronate; types 10, ii.and la show stages in 



Hg. 1. Typ« of Stamens in the Comfositac (for explanation sec text, pp. th' t ■ 

the elongation of these tails, which remain simple and undivided ; m tjpe )- 
the tails of the contiguous auricles arc united ; types 1 j and 14 show 
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laboration of these appendages, the former being branched and the latter 
or less lacerate or fringed with liairs ; type 1,5 is similar to 14, but the 
tails of contiguous anthers are united. Type 16 includes two forms of 



f'le. 3 . Tyiies uf Styles in lltc Cimiltisit.ie ,ior (xyl.ii.ation .s« test, I'p. 4(’4 ■ 

lacerate or more or lcs.s elaborate tails ; the first lorm has the adjoining 
tails free and the other has them united ; both these iorms oaiir in many 
genera of the Cynareac. Fig. 7 represents an example of this type which 
should be compared with the forms shown in Figs. 4-6. As a final stage in 
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the fusion of the basal appendages, there is the form 
which occurs in Tricholepis, type 16*, where the 
appendages of each stamen are fused and those of 
neighbouring stamens connate, so that there is 
a continuous sheath of non-polliniferous tissue at 
the base of the staminal tube. 

The very various style forms can be reduceij 
to thirteen mean types, around which the numerous 
variations can be grouped. Type I is characteristic 
of the Cichorieac, and the female florets of most of 
the other tribes. The region of the stigniatic pa- 
pillae is indicated by the dark line and extends 
from the apex almost to the point of branching. 
The external surface of the style branches is more 
or less hairy. Type 11 is characteristic of the 
Eupatorieac ; the apex of the style branches is 
more or less clavatc, the branches vary con.siderably 
in length, as they do in most of the types, and may 
be reduced to such a form as is shown by Ophyro- 
sporus. type 1 I“. Type III is characteristic of the 
Vernonieae ; the style branches are more or less 
rounded and hirsute, with an obtuse apex. Type IV, 
as will be seen from Table II, is the most common 
form of .style in the hermaphrodite florets. The 
style branches arc flattened or more or less rounded, 
and may be longer or shorter than in the mean 
type ; the stiginatic papillae are marginal and reach 
to the apex, which is truncate or rounded and more 
or le.ss hairy. This type, when it occurs in the male 
flowers of the disc, usually remains closed and un- 
branched ; this condition is represented in type V. 
Type VI is characteristic of the male di.se florets in 
Calenduleac ; it has the style branches very short 
and no stigmatic papillae. 

Type VH is a form similar to type IV, but 
with the apex prolonged into a hairy, more or 
less conical or rounded appendage ; the stigmatic 
papillae ccasc at the base of the appendage. This 
type may have the branches so short that a form 
arises like that of Bettis, type Vll*. Type VlII 
is similar, with the appendage more elongated. 


Fros.3-;. Piqueria serratii. X iS. nJcncstemma viseosum. x 42. 5. n rt- 

ciilcUa. X 10. 6. Eupeierium cattnabitiwn, xi8. 7. Centaureu scaltiosa. X 18. 
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r „5 IX is characteristic of the Mutiseae and resembles type XI, without 
llie ring of former type, fusion of the branches 

jiiy be more or less complete, so that the stigmatic region is limited to 
hollow, rounded region at the apex. Types X and XI are characteristic 
of the Cynareae, and arc distinguished by the ring of long hairs situated at 
, _ X) or below (type XI) the point of branching : in the former the 
tktnabo papillae extend from the point of branching to the apex ; in the 
latter there is a very short zone of stigmatic papillae, but numerous inter- 
mediate stages arc found in the fusion of the two branches above the ring 
ot hairs Type X* is the form of style which occurs in the female florets of 
many Cynareae ; here the point of branching is below the zone of hairs and 
the stigmatic papillae extend from this ring to the apex. Type XII is 
characteristic of .the Inulcac and has no appendages, the style branches 
being rounded and glabrous or slightly hairy e.xternally, with the stigmatic 
papillae marginal and extending to the apex. Type XIII is an unbranched, 
club-shaped, hirsute form, common in the male disc florets of several tribes ; 
it has no stigmatic papillae, and acts solely as a pollen-presenter. 

Discussion of Tables. 

The types of stamens have been arranged so that the comple.xlty 
increases from i to 16, and the order in which the tribes are given by 
Hoffmann has been altered so that the affinities may be rendered more 
diagratnmatically clear. The chief alterations are the interchanging of the 
Vernonieae and Eupatorieae, the Mutiseae and Cynareae, and the placing 

of the Inuleae and Cichotieac nearer the Senecioneae. 

The Eupatorieae are placed first because it is in the Piquerinae, 
a sub-tribe of this group, that the simplest type of anther occurs. The 
Piquerinae, which has the typical style of the l-iupatorieae, is a group of 
eight essentially American genera. Adenostiiiitiia, however, has several 
Old World species, A. viscosnm being very cosmopolitan, An interesting 
modification of the stamen of this sub-tribe occurs sometimes in Adeno- 
stemma. At a period when all the pollen grains have disappeared from 
the dehisced anthers, the line of dehiscence is found to extend to a point 
a little below the apex (Fig. 4). This is a variation which, by preventing 
the untimely overflow of pollen from the staminal tube, would carry out 
the same function as a terminal, non-pollenifcrous appendage. In this con- 
nexion it should be noted that Bcntham places this genus next to Sdero- 
tipis, which he makes the first genus in the Agcratae, and Sderopis shows 
an abnormal truncate form of apical appendage (Fig. ,i) which has all the 
appearance of a reduced type. The other genera of the Eupatorieae have 
the type of appendage shown in Fig. 6. The Vernonieae show a greater 
variety and have higher types of stamens, but this can be correlated wit 
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Tables 1 and II. 
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(l,e simple form of the style, whereas the Eupatorieae have both stamens 
and style simple. 

In the remaining groups it will be seen that the stamen with an apical 
appendage but no basal appendage, type 3, is the most common form. 
This form is undoubtedly the fundamental type of stamen for the Compositae, 
(ypes I and i being reductions and the others amplifications of it. The 
Astereae show this simple stamen in the large majority of the genera, but 
this tribe, while showing the simplest type of auricle in three ’ genera, also 
shows the truncate type, which is taken as a reduction form in twelve 
(lencra. The Astereae, therefore, are the antepenultimate step in the reduc- 
tion series which ends in the Piquerinae. This type of anther occurs in 
a consider.able proportion of the llelianthcac, but this tribe also shows a 
large percentage of higher forms. The Helenieae are very similar to the 
Heliantheae, while the majority of the Anthemidcac have anthers of type 3. 
The Iniileae are notable on account of the majority of the genera showing 
anthers with relatively complex basal appendages, but this is to be corre- 
lated, as in the Veriionicac, with the simple style. The majority of the 
genera in Senecioncae remain relatively simple in their stamens. The 
Calenduleae, a small and specialized group in many ways, show a con- 
siderable proportion of genera with stamens of the higher types. With 
few exceptions the Cichoricac have stamens of type 6 or 8, both types 
occurring in most of the genera. Tlic Arctotidcac are very similar to the 
Senecioncae, but .show type 10 in three genera, and thus form an intermediate 
stage between tlic Scnccioneac and the Mutiscac. which latter tribe is very 
similar to the Inuleae in the degree of complexity reached by the anther 
appendages. The .Mutiscac show tyircs 15 and 16 in three genera, thus 
forming a transition to the Cynarcae, the majority of which show one or 
other of these two complex typc.s. 

Considering the probable lines of development and omitting as negligible 
those cases where the number in the tables i.s less th.an two,- we find that 
the Senecioncae form a group from which rtidiate five lines thus : two short 
lines, one to the Anthcmido.ve and the other to the Cichorieae ; two main 
lines, the first leading to the Idupatoricac and giving off branches to the 
Helenieae, Ifclianthe.vc, Astereae, and Veriionicac. the second leading to 
the Cynarcae and giving off branches to the Calcndnleac, Arctotideae, and 
Mutiscac ; the fifth leading to the Inuleae through the higher types in the 
Senecioncae, 

Keeping thc.se lines of prob.iblc development in mind, consider the 
figures of Table II, neglecting a.s before figures below two. The coiumns 

^ Sec explanation of tables, \\ 461 . 

■ Kxcept in the Astereae, where parts of two large genera, Oiejii’t and are included 

in 'Iff 1, and in Calenduleae, where ]'atU of the largest two gcner.a, .and Trif!(ris,a.it 

inchniid in the 1 of the table. 
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under types V and XIII may be omitted, as these types of styles occu 
wherever there is the necessary form of floret, as does also type I. 4;^ 
Eupatorieae and Vernonieac have simple styles. It will'be seen at a gla^jj 
that type IV is the form of most common occurrence, and this type is 
undoubtedly the fundamental type of style for the Compositae. The majority 
of the Astereae show styles with appendages more or less complex ajj 
with this is to be correlated the great preponderance of simple stamens in 
this tribe. The Heliantheae show a very similar stage of development, hut 
the Helenieae have a distinctly larger proportion of genera of the siniDlp 
type IV. 

In the Anthemidcae the great majority of genera have this type of 
style. The Inuleae are again anomalous in having a peculiar style, type XII 
which is almost, if not quite, as simple as type IV, and is to be correlated 
with the preponderance of the higher types of stamens in this tribe. The 
Senccioneae, while showing a considerable range of structure in the .style, 
have a large proportion of type IV. Indeed, Bentham describes type IV as 
the characteristic style of the Senccioneae. The Calenduleae have quite 
a special type of style, type VI. The Cichorieae, without exception, have 
the style of type I, which is the type for the ray florets in many other 
tribes. As with the stamens, the Arctotideae show a considerable percentage 
of simple styles with some of the higher types, forming a transition to the 
Mutiscae, and the latter tribe forms an ideal intermediate stage betweei 
the Arctotideae and the Cynareae, which have the highest form of style, 
types X and XI. 

Neglecting columns V and XIII for the above-mentioned reasons, and 
taking type IV as a base, we find that lines of development are to be found 
almost diagrammatically similar to those in Table I. As before, there are 
two short lines, one to the Anthemidcae and the other to the Cichorieae; 
two main lines, the first leading to the Eupatorieae and giving off branches 
to the Helenieae, Heliantheae, Astereae, and Vernonieac, the other leading 
to the Cynareae and giving off branches to the Arctotideae and Mutiseae ; 
and a fifth leading to the Inuleae. The only difference is that a sixth line 
leads to the Calenduleae, the style of which cannot be considered a tran,sition 
stage to that of type IX, 

Thus from these tables alone we get two phylogenetic diagrams alrao^t 
identical. This is only to be expected if the pollen-presentation mechanism 
has undergone progie.ssive or retrogressive development, and economy ol 
pollen seems to be the simplest explanation of this progressive cl.aboratioi 
of those parts which deal with the problem of delivering to each insect 
visitor a sufficient, but also a minimum, amount of’policn.' 

^ To those who have watched the miserly w.ay in whicii the irollen-presentatioii mechanise ol 
Ctntaurea supplies pollen to the bees the idea of economy i-s sure to have suggested itself, hut, of 
course, there is in this case the additional mechanism of sensitive stamens. 
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The pollen-presentation mechanism is not the only character which 
shows progressive variation in the Compositae.and any phylogenetic scheme 
Bust take into account the form, development, and colour of the corolla, 
the form of pappus, the composition of the capitulum, and the 
geographical and geolt^ical distribution of the main divisions of the order; 
the available data concerning these characteristics must be increased before 
a satisfactory discussion of the inter-relationships of the tribes can be 
attained- 

CON'CLUSIOX. 

In dealing with so recent an order, and one which, as a whole, is 
herbaceous, the fossil evidence is scanty and conflicting. Such being the 
case, the somewhat scattered fossil literature of the order awaits critical 
study. 

That the cytological phenomena might be of value occurred to the 
writer early in 1913, and material was afterwards prepared for cytological 
iavestigation. Since that time the question of correlation between chromo- 
some dimensions and phylogeny has been the subject of several papers (U 
and 7 ) which have dealt with the problem in relation to the larger groups 
of the animal and plant kingdoms, and the results already obtained are 
being held over, pending a critical study of a considerable number of closely 
related species. The characteristic more or less spherical forms of the 
chromosomes in most Compositae may be mentioned as one interesting fact, 
in view of the controversial condition of the subject at present. 

In addition to the data which have already been collected concerning 
the floral organs, a number of isolated but relevant observations have come 
under my notice during the four years which I have been working at this 
problem, and although these cannot be introduced readily into such a brief 
and tentative account as the foregoing, all the known facts arc quite com- 
patible with the origin of the tribes which is suggested as a result of the 
analysis of the staminal and stylar forms. 
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SUMM.\RY. 

I . The hypothesis that the appendages of the stj'le branches and the 
apical and basal appendages of the anthers arc the expression of a tendency 
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to economy of pollen, which is limited only by the biological necessity of 
providing sufficient pollen to ensure fertilization, is supported by evidence 
of correlative development of these appendages. 

'I Tables are given showing the relative frequency of occurrence of 
the different types of styles and stamens in the various tribes, and these 
tables are also used to show lines of development and specialization in the 
pollen-presentation mechanism. 
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Meiotic Divisions in the Microspore Mother-cells of 
Smilacina racemosa (L.), Desf. 


HY 

RUTH WOOLRRY, 

Jtiiliana I'niversity, Itloomin^ton, hxdiam. 

With Plate XXII and one Figure in the Text. 

B M'AUSE of some remarkable statements made by Lawson (’ll \) con- 
cerning ‘ The Phase of the Nucleus known as Synapsis material was 
collected and work on this paper was begun. Cytology has for many years 
had many questions of dispute among its investigators, but it is only through 
continued investigation that the whole truth can be known. As has been 
found, Sinikema racauosa offers a favourable plant for study, as the flowers 
are borne in rather small, compact racemes, and several stages in the division 
of the microspore mother-cells may be found in one flower cluster, the older 
ones being at the base and the younger at the apex. McAllister (’13) used 
this plant for his sturly, but the ,spccie,s of Smikana used by Lawson (’1 1 A 
and ’12) was not indicated. 

Mai'Eriai, and Method. 

Materials for this investigation were collected from the west side of 
a deep ravine north-east of IJloomington, Indiana, in the latter part of April 
and first of May in the yc.ar3 iqii .and 1913. The strong chrom-acetic 
solution and the stronger ITcmming’s chrom-osmic-acetic solutions were 
used in fixing the material. Whole racemes, or portions of racenie.s, were 
embedded in paraffin, and sections were prepared varying in thickness from 
,i to ij microns. Preparations were stained in Haidenhain’s iron-alum- 
liacmatoxylin and in the regular triple stain, using orange G in aqueous 
solution or as a saturated .solution in clove oil. Kspecially good prepara- 
tions, showing metaphase and closcly-relatcel phases, were secured by using 
on material fixed in chrom-acetic a solution of gentian violet and clove oil, 
us suggested in the laboratory by F. L. Pickett.' 

' uil'crsaturaleil solution of gentian violet in clove oil U prepared by adding to a satuiated 
.oltilitin of tbe stain in absohite alcohol an etjual voltimc of clove oil and allowing the mixture to 
Sand in an open dish at room temperature until all the alcohol has evaporated, The resulting 
seliilion is ihen filtered through paper. After Ihc saftanm has Itecu washed from the sections 

lAnaala of Botany, Vol. XXIX, No. CXVl. October, isis-l 
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As an aid in determining the true form and arrangement of chrom.itii, 
in the second contraction, and segmented stages, nuclei were reconstructed 
in plastina, in order to facilitate the interpretation of the individual chromo 
somes. 

The Smitadna which Lawson (TlA and T 2 ) used was probabh 
Maianihemum Roth, as described in ‘British Flora’, fifth edition 

(1887), Bentham and Hooker, or the same plant as described under Unifoliu,), 
canadense (Desf.), Green, or Smilaeiim bifolia, Desf., in Britton and liromi 
second edition (1913). The plant used for this study is Smilacina racemosa 
(L.), Desf., as described in Gray's Manual, seventh edition {1908), or the 
same plant as is described as I'agnera racewosa (L.), Morung, in Britton and 
Brown, second edition (191,3). 

ST.tTE5IK.VT OK THE I’ROKLEM, 

An attempt has been made in this investigation to make a very careful 
study of some of the stages in the mciotic divisions of the pollen mother-cells 
as found in Swilacimi raconosa (L.), Desf. There has been mticli contro- 
versy for several years about some phases of cell .activity, and, as Farmer (’12) 
says, ‘ there is still room for more light ’. 

The questions of the identity of the chromosomes throughout mcio.sis 
and of the behaviour of chromatin threads previous to and during synapsis 
have been much discussed in cytological literature, and there is still much 
diversity of opinion in regard to these questions. Among the other ques- 
tions with which this paper deals arc : the character of the synaptic b.tll, its 
position and relation to the size of the nuclear c.avity, the nature of the 
chromatin thread after synapsis, during the spireme stage, and in the second 
contraction, the manner in which the thread segments, and the formation of 
the bi\ alent chromosomes. 

ReslUig Shige. During the so-called resting stage the cluomatin 
granules are arr.anged irregularly on fine linin threads throughout the 
nuclear cavity, giving the appearance of a network. The granules arc more 
or less irregular in size, shape, and form. The appearance of a nctwoik is, 
no doubt, partly due to the oveilacing of threads, a.s .suggested by Lawson 
(T 1 .\), but there seem to be more crossed threads than there would be were 
this entirely the case. The fact that some portions of the fine linin thread 

to just the intensity wantetl in the finishctl preparation, the sihle shoulU be rinse.i hnrrir.:!} vat 
absolute alcohol anfl then covercil with the clove oil violet. The violet shonlti be alluwttl tn idi 
20 minutes to 3 hours, although in some cases staiiuiig for 6 hours has given gootl rtsiilt-i. It is 
then washed off with benzole or xylol an<l replaced with clove oil orange G. If stniniiii; ''' 
walls is not wanted, final differentiation may be sccnretl by using pure clove oil afkT 'o to u 
minutes’ use of the orange G solution. It has Iieen found well to remove ihe clove oil oran^'c 
completely with flowing benzole or xylol and to mount the specimen from that medium. It 
essential that no alcohol be allowed to come in contact with the sections after the use of the clo'f 
oil violet, 
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jeem to b€ drawn in towards the chromatin granules as nuclear activity 
proceeds would also indicate that the network arrangement is not merely 
, fanciful one. There is nothing to indicate that there is a certain fixed 
number of threads in the resting stage, corresponding to the diploid number 
of chromosomes as stated by Lawson (’ll a and ’12). Very few free ends 
u-erc seen in nuclei showing this stage, and it would be impossible to count 
such individual threads if they were present as such in this stage (Figs. 1 
and 1). The number of chromatin granules greatly exceeds the number of 
chromosomes in any .stage of the division ; so there is nothing in Sviilacim 
yiKCiiwso to indicate that each chromatin mass is a prochromosome, as is 
claimed by several authors and as emphasized by Stout (’12) for Carex 
aijuatilis. If the chromosomes do retain their identity throughout the 
testing stage, this identity is, at least, not recognizable at this .stage. 

Lawson ('ll.v and ’12) and McAllister (’13) show portions of the 
chromatin thread pairing during these early stages. Figs, i, 2 , 3 , 4 , and 3 , 
ri. XXII, of my preparations show similar stages to those figured by Lawson 
and McAllister, but in such nuclei, where there are so many crossings of the 
threads, or where the nuclear contents are in such a finely divided condition, 
it doe.s not seem to be of any special significance that one portion of the 
thread should run along parallel to another portion for a short distance. It 
docs not necessarily follow that there is any special relation existing between 
them. The irregularly shaped chromatin granules fuse later and finally 
form a smooth-edged thread. The fact that a few of the granules may fuse 
side by side docs not necessarily establish the conclusion that there is 
a general sidc-by-sidc pairing throughout the whole nucleus, and, if such 
a phenomenon were characteristic of this stage, it would appear more often 
and in greater regularity. From the conditions as seen during this investi- 
gation, it is not possible to agree with Lawson (’ll a) that 'the chromatin 
threads are undoubtedly double from the beginning’, nor that a definite 
pairing of threads t.akos place at this .stage, nor that ‘ the developing spireme 
was not composed of a single conlimious thread, but of a number of double 
thrcad.s, and the number corresponds with the diploid number of chromo- 
somes . . . which become differentiated later’. McAllister maintains that 
there is no chromatin aggregation into prochromosomes. 

As to the units which go together to make up the chromatin thread, it 
is hard to identify them. We cannot recognize the different hereditary 
characters which develop in the mature individual, in the nuclei of the sfxrre 
mother- cells, and we cannot .say with much degree of certainty that it is 
huts or so. A mature individual has too many characteristics for each of 
them to be bound up in a scpar.ate chromosome, and this is one argument 
(farmer ’07} given for the chromomcre as the unit. The colloidal nature of 
the chromatin thread makes it hard to differentiate portions of tlie thread 
t"to units, when they are shifting or changing appearance a.s much as the 
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granules change in the chromatin thread. Lawson (' 12 ) says that ' altho 
threads may appear vacuolated, granular, or even beaded, they are composed 
of uniform material As the nucleus prepares for the activity of the 
division to follow, the lumps in the thread appear to become somewhat 
larger and to elongate so that each joins with its neighbours (Fig. 3). 

Some of the thin linin threads which appeared to stretch across to other 
portions of the chromatin now appear to be drawn in and to help make the 
thread appear somewhat wider. Fig. 4 is taken from a section cut j microns 
in thickness and portions of the chromatin network are shown. Fig. - [j 
a portion of another nucleus in which the chromatin granules arc more 
evenly distributed along the thread, and it has more the appearance of 
a continuous thread than of a network. In some places portions of the 
thread lie almost parallel with each other. In one place two portions seem 
to be joined together by a slight attenuation of one thread, but it cannot be 
said with certainty that this indicates any pairing which will persist. The 
chromatin thread here is becoming slightly contracted. 

The mother-cells, during the resting stage, are closely packed together 
and have thin walls and uniformly dense cytoplasm. From one to three or 
four nucleoli are seen irregularly placed in the nucleus, in among the 
irregular chromatin thread. The nuclear membrane appears as a .sharp line 
separating cytoplasm from nuclear contents. The enlargement of the nuclear 
cavity, which takes place about this time, is doubtless coincident with an 
increase in the amount of containing fluid as Lawson ('ll .\ and 'I'i) shows, 
but there is also, at this time and following it, a shortening and thickening 
of threads and a contraction which results in the diminution of the chromatin 
mass. 

Synapsis. Measurements were taken of nuclei in the resting, synaptic, 
spireme, and segmented stages, and the results that were found do not sub- 
stantiate Lawson’s theory (’ll.\andT 2 ) that the nuclear cavity cnlargc.s 
but the chromatin mass remains stationary in volume. The mcasuiomeDls 
show an increase in the size of the nuclear cavity ju.st preceding and during 
synapsis, which .size remains relatively stationary during the spireme anJ 
segmented stages ; but unquestionably a dcci ease in the .size of the clironiatin 
mass is found in .synapsis. In taking measurements nuclei were clioscn at 
random, care only being taken that the section should be cut a.s nearly 
through the centre of the nucleus as possible. Of the nuclei measured, the 
average for the resting stage was j6 microns by rq microns. Nuclei in the 
synaptic state were measured, with an average size of 24 microns by ii" 
microns, while the chromatin mass from these same nuclei gave an average 
measurement of 13 microns by 10 microns. The two dimension.s denote 
the greatest and shortest diameters of cacli nucleus or mass. Tlic mc.isurc- 
ments of the nuclei in spireme and segmented stages show sizes tallying 
with the measurements of the nuclear cavities of nuclei with chromatin in 
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synaptic state. These results show that there is an increase in the volume 
of the nuclear cavity, and also a decrease in the space which the chromatin 
mass occupies. Figs. 5, 6, 7, and 8 show progressive .steps in the arrange- 
ment of the chromatin to form the synaptic mass. 

Many cases were found in which the mass of contracting or contracted 
chromatin threads was fastened or swung to the nuclear membrane by fine 
Strands as shown by Mottier (’ 07 ) and others, and is here shown in Figs. 6, 
7 and 8. The position of the synaptic mass in the nuclear cavity seems to 
have no special significance, as the ball is located differently in different cells 
of the same loculus. The most common position was found to be close to 
one side of the cavity (Fig. 8), but other angles of sectioning would of course 
show masses in the same relative jrositions differently. There is no special 
position relative to gravity. 

Fig. d shows the chromatin mass drawn away from the nuclear mem- 
brane, and its position is probably due partly to the expansion of the 
membrane, and partly to the contraction of the chromatin contents. Here 
the chromatin appears as lumpy portions of threads, which, when viewed 
from the standpoint of the stages preceding it, are due to the running 
together of some of the granules and the contraction of the whole thread. 
Some portions of the thread seem thicker than others, as McAllister (T8) 
ha.s found, but no real pairing is apparent. Fig. 7 shows a slightly later 
stage, in which the chromatin appears balled up around the large nucleolus, 
and the threads aie becoming more uniform in thickness. Some portions 
ot the thread are drawn out from the mass by the strands which connect 
them to the nuclear membrane. Cut ends are shown where the knife has 
sectioned what were probably loops extending from the mass, These loops 
are not made up of double threads. F'ig.s. ii and 12 show tangential 
sections of late synaptic stages, and show loops and places where portions 
of the thread run along parallel to c.ach other or in close proximation. They 
appear, however, as separate portions of thrc.ad rather than as portions of 
a double or paired thread. Figs. 9 and 10 were drawn from cells in the 
same loculus and side by side, with cell-walls not yet separated. They are 
typical stages showing the chromatin coming out of sy napsis, but show 
nothing that indicates any pairing or previous pairing of threads. Fig. T3 
shows a slightly older stage, and was found in a loculus with other nuclei in 
which the spireme threads were evenly distributed. 

It cannot be said with certainty that there is a fusion of maternal and 
paternal chromatin in the synaptic state, because there is no means of dis- 
tinguishing between parts of the chromatin on any such basis. Because of 
the tact that we can see the partial contraction of the chromatin into thread- 
like portions before they enter the synaptic state, and as tangential views 
show this condition persisting, there seems to be no indication that synapsis 
is other than a contraction of the chromatin and a subsequent shortening 
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and thickening of the threads to make a spireme of uniform thickness 
Lawson (’12) maintains that there is a shortening and thickening of 
spireme threads, but he does not show the chromatin aggregated into a tigb 
synaptic ball. It is difficult to say just what position the chromatin units 
take, if there are any which are truly such. The significance of any special 
arrangements which may occur is also difficult to determine. It is not until 
later stages that true splits are seen in the chromatin thread (Figs. i6 and i-) 

Figs. II and la show portions of thread which are much narrower that 
in most nuclei at this stage. Anthers from different flowers, however, show 
this difference in width of threads, especially noticeable at this stage 
(Compare Figs. 9 and lo with Figs. 11 and la ) 

Spireme. As the chromatin thread comes out of the synaptic state ii 
is seen to have a greater diameter and is more uniform in thickness thtn the 
thread as it began to contract. This shortening and thickening has resulted 
in one continuous spireme. Sometimes the thread appears lumpy, but when 
it is evenly distributed throughout the nucleus, it appears as a smooth 
thread of uniform thickness (Fig. 14). Fig. 13 shows a slightly younger 
stage from a nucleus which was cut tangentially and was found in a loculus 
in which the nuclei all showed threads not yet fully untangled from the 
synaptic condition. The chromatin thread winds in and out through the 
nuclear cavity in a tortuous manner. 

There has been much discussion as to whether the nucleus at this stage 
contains one continuous chromatin thread or as many threads as the diploid 
number of chromosomes. Lawson (’ll x) identified individual chromosome; 
throughout all the prophascs of the nuclei of Smiiaeina, while McAllister 
(’13) finds a continuous spireme in Smiltieina rncemost!. This study shows 
the thread to be continuous, as has been found by McAllister (’13), MoHiet 
(’07, '00, ’14), and others. Scvcr.-tl hundred nuclei were CNamincd and 
studied under the best conditions to determine this point, and a model was 
made and sectioned to aid in the determination. Lnds can be seen in 
abundance in sections of the nucleus showing spireme threads, but when 
it is possible to examine a whole nucleus or most of a whole one in one 
section the number of ends diminishes, so that it cannot be that tliere are 
as many threads as there arc chromosomes appearing later. Fig. 14 shows 
almost a whole nucleus, and all the end.s seen were carefully focused upon 
and appeared in such a plane th.at they surely were, at least most of them, 
cut ends. In Fig. 14 ten ends show, but this number is much too fewil 
twenty-four is the haploid number of chromosomes for the plant. Long 
portions of continuous thread may also be traced through the nucleus. 

Loops appear to reach out to the nuclear membrane of sonic nuclei 111 
the spireme stage, and some portions of thread run along clo.se to the mem- 
brane for short distances, indicating that there are probably some con- 
nexions existing between the thread and the membrane. Such stages as 
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„.e shown in Figs.6,7,«,9,an(J_io, and those shown in later stages (Figs, is 
and 16), would indicate that portions of the threads are attached to the nuclear 
membrane throughout a greater part of the prophases of the first division 

Some nuclei at this stage show jagged spireme threads, but most of the 
evenly distributed spiremes seem to be of almost uniform thickness No 
splits were observed in the spireme at this evenly distributed stage, and not 
until later was any longitudinal split ob-served (Figs. r6 and 17). 

Saond Contraction. From the spireme stage the chromatin thread 
undergoes a second contraction, as has been observed by many observers 
(Fig, 14). The thread, in its shortening process, is drawn up in a tangled 
mass near the centre of the nucleus (Fig. id). Radiating loops may be 
seen extending from the central mass and fastened to the nuclear membrane 
Motticr (’ 0 /) found such a condition especially common in LiUum. As 
Lewis (’ 08 ) found in Pinus, in Smilnnna racemosa ‘the spireme often 
presents an extremely jagged structure just before cross-segmentation ’. In 
some nuclei attenuations from portions of the bivalent chromosomes may 
be seen after segmentation (Fig. 18). Many nuckd showed much more 
jagged thread.s than arc figured in the drawings accompanying this paper. 
During this stage and later the chromatin thread appears split (Figs. 16 
and 17), and this fission i.s undoubtedly in preparation for the splitting of 
the chromosomes, which brings about the division of chromatin in the second 
division or formation of the granddaughter cells. 

Scgiwnlcit. Cross-segmentation of the spireme thread takes place 
while the spireme is in the state of second contraction. The thread may 
break near the periphery of the mass or nearer the centre, but it segments, 
and the bivalent cliromosomes result from the approximation of two seg- 
mented portions of thread (Figs. 17, iS, 19, and 40). These findings agree 
with the descriptions of this stage as given by I'armer (’ 05 ), by Motticr 
( O', 09 , and 14 ), Lewis { 08 ), McAllister (’ 13 ), and several other cytologists, 
in contrast with those who maintain the view of parasynapsis taking place 
in the synaptic phase (Lawson 'll and Td. .Stout TO, and others). The 
spireme in Smitacina racemosa, however, is continuous or approximately so, 
and cross-segmentation takes place during the phase of the shortening and 
thickening of the thread just at the close of the second contraction stage. 
I.aivson ( 12) contends for the lateral pairing of the chromosomes which 
have retained their identity throughout the prophascs, but states that the 
pairing is only temporary, so tliat it is not significant whether this pairing 
IS lateral or end to end. We do not know just what is the true significance 
uf this association, but it is in preparation for the reduction which takes 
place in the formation of the daughter nuclei. The point of real significance 
IS whether or not there is a pairing of the somatic chromosomes in the earlier 
prophascs which brings about a union of maternal and paternal chromatin. 

A photograph was taken of one of the plastina models made to aid in 
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the determination of the true forms and shapes of chromosomes, and it nas 
found that the photograph bears a striking resemblance to the nucleus as 
seen in the microscope and as figured with drawing accompanying this paper, 
(Compare Text-fig. with Fig. i 7 -) 

The bivalent chromosomes xvhich result from cross-segmentation con- 
tinue to shorten and thicken until they take the form as shown on the 
spindle plate (Fig. Si). They can be found assuming all the different 
shapes which have been described for them and in many different arrange- 



TfcXT'Flu. Photograph of plasrina model of the same nnckus from which 
Fig. 17 on PI. XXII was drawn. 


ments. J'igs- show different shapes in which the chroiiioi^oines 

appear during this segmented stage. Some nuclei sliow bivalents of different 
lengths and widths (Figs. 17, 18, 19, and ao). Fig. 18 shows one bivalent 
which is bent back upon itself. Fig. 19 shows one portion of the segmented 
thread which is curved twice, but the limbs are not yet tightly wound about 
each other (Figs. 17 and 18), while others remain in ring-shaped forms. 

Farmer and Digby (’ 13 ) have discussed the possible significance of tk 
different sizes of chromosomes and the constancy of this variance in an) one 
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species, and attach no special significance to this difference in size, as some 
cytologists do. The sizes do not remain constant throughout any one 
species ; so no hereditary significance can be attached to these differences. 
In Siitilftciiiti racemosa different sizes of chromosomes appear in the seg- 
mented stage and on the spindle plate, but the differences in size and shape 
nfc not constant : that is, a chromosome of certain size or shape cannot be 
found in all nuclei at this stage, and the chromosomes are constantly changing 
size as they contract. 

Lawson (T 1 .a) gives 20 as the probable haploid number of chromosomes 
in the with which he worked, but later (Lawson 12 ) changed the 

number to 14. McAllister ( 13 ) gave 24 for the haploid number in Smilactna 
memosa. The findings in this investigation agree more nearly with 
McAllister, the countings showing from 20 to 24 chromosomes. 

The cell-walls are thin in the resting stage, but. as the cells round off 
during and immediately after the synaptic stage, they begin to thicken, and 
in the segmented and spindle stages a very thick special wall surrounds the 
pollen mother-cells. (Compare Figs, i, 7, 14, 15, 20, and :i.) 

Spindle. The chromatin thread undergoes a continuous shortening 
and thickening throughout the prophascs, and, when the chromosomes 
appear on the spindle in the metaphase, they are very short and thick 
iFig. ai). There is no indication, in the nuclei examined in this investiga- 
tion, that the spindle fibres arc formed by a gradual contraction of the 
nuclear membrane, a closing in around each chromosome and a subsequent 
tcii.sion resulting in the cytoplasm forming fibres, as advocated by Lawson 
('ll B) for the microsporc mother-cells of Disporiim gladiolus, J ticca, Hcdcra, 
for the vegetative cells in the root-tip of .-)//;>»«, and later for the microspore 
mother-cells of Smilaciiia. The difficulties involved in such a process have 
been di.scussed by Farmer (T 2 and ’ 13 |, and further discussion seems useless 
here. In no case was the nuclear membrane in Smilaciiia racemosa seen to 
contract around tire chromosomes in such a manner as Lawson described. 
The spindle fibres, rather, appear to be formed in the manner described b)- 
Mottier (' 9 ?) and others. It was often found that in the same loculus were 
nuclei in the typical segmented stage and other nuclei with fully developed 
bipolar spindles. In some nuclei the nuclear membrane appeared to be 
partly broketi down, in some fibres were appearing, in others portions of the 
mcmbraire persisted as fibres appeared, while in still otlicrs the membrane 
"as entirely broken down and the chromosomes were arranged oir the 
spindle in the typical metaphase condition. 

SUMM.VRV, 

I. The rnicrospore mother-cells of Smilaciiia racemosa ha\'e tire nuclear 
contents in a finely divided state during the resting stage, with irregularly 
shaped granules licld in the meshes of a fine linin networ k. 
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2 . There is no lateral pairing of the chromatin threads during this or 
the synaptic stage. Neither does the chromatin content consist of a number 
of chromatin threads which equals the diploid number of chromosomes fo, 
the species. 

3. Synapsis is a stage which is characterized by a very general coj. 
traction of the nuclear contents into a tight ball, usually lying at one side 
of the cavity, and an increase in the size of the nuclear cavity. 

4. The contents of the nucleus are often connected with the nuclear 
membrane by fine strands. 

5. The mass of chromatin thrc.ids untangles, and a continuous spireme 
of uniform diameter is evenly distributed throughout the nuclear cavity. 
Connexions between the chromatin thread and the nuclear membraite still 
persist. 

6. Immediately after this state of the evenly distributed spireme 
follows a second contraction or central entangling of the spireme with loops 
radiating from the centre to the periphery. Longitudinal splits may be 
seen in the thread at this time. 

7. Cross-segmentation of the chromatin thread takes place either at the 
centre or near the periphery of the tangle, and a lateral approximation of 
the limbs of loops or of separate portions of chromatin thread takes place 
to form the bivalent chromosomes. 

8. Fibres appear around the nucleus, the membrane break.s down, the 
characteristic bipolar spindle is finally formed, and the bivalent chromosomes 
arc arranged in a plate at the equator of the spindle. 

I wish to cxpre.ss my gratitude to Prof. D. M. Mottier for his most 
helpful suggestions and criticisms during the preparation of this paper. 
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KXPLAN/VTION OF PLATE XXIL 

lllusirating Mi>s Woolety's paper on Meiotic Divisions in the Microepurc Mother-cells 
of .!»V;7(itr»r<r ra.nuo.a ^L. , Desf. 

All figures were drawn from sections with the aid of tlie .Vbbe camera lucida with /.eiss 
spochromatic immersion 2 mm. apert. J‘40. and C(<mi>eiisating ocular 12. Magnification about 
j;:oto 1^00. 

hig. I, Resting micleus of the mierospore niotber*cell, showing typical structure ul nucleus ajid 
cytuplasm. 

tig. 2. Resting nucleus with slighily larger chromatin gt.mu'es. borne portions of threads 
lying parallel. 

Fig. 3. 'I’angential view, show ing larger lumjrs of chromatin, b^nne j>orlions of the linin thread 
have been drawn in. 

Fig. 4. Tangential view of stage similar to Fig>, i , and 3. 

Fig. 3. Cbroroatin thread beginning to contiacl and to iK-eomc more uiiitv'rm in diameter. 

Hg. (). EnUrgement of nuclear cavity and Ci-iitracUon of nuclear contents. S'.rands .are 
conuectiiig enromatin with the nucle.ar membrane. 

lig. “. Chromatin contents much contracted and nuclear cavity much calaigcxl. btrands 
extend from chromatin to nuclear membrane. The cell-wall is somi.whal thickened. 

Hg. S. .\ typic.il tight synaptic b.all. 

Fig. 9, Nucleus, showing untangling of >ynaplic ball, with lluead of almost uuifoini thickness. 

Fig. 10, blightly older stage. Scwial cut ends arc visible. Figs. 9 and 10 are drawn Bom 
'idjoiiiing nuclei in the same loculus. 

Big. 11. Tangenli.al view of nucleus just after synapsis, showing looping and tw isting of thread. 

F ig- i Eangenlml view similar to E'ig. 1 1. The thread is much narrower than in most nucEi 
:'t lliis stage. 

Fi^, 13. Viitangling not yet complete. Many cut ends arc shown. Thread oi unifoTm 

Fig. 14. l)pic.al Rpireme st.age. Kclalivdy few eul cuds to be found. 
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Fig. 15. Segmentation into bivalent chroinosomes has jnst taken place. Some bivala,s 
formed by approximation of limbs of loops and some by the approximation of the seitamtc 

Fig. r 6 . Secontl contraction stage. T .ongitudinal splits of the thread are appearing. I.oopi„„ 
and twisting of threads is talcing place. 

Fig. 17. Bivalent chromosomes in various shapes and form*. (Cf. photograph of model 
^ Fig. 1 8. Segmented stage. The bivalent chromosomes are of different sizea One cliramns^^j 

of each of three bivalents is drawn out as if by some tension. 

Pig, ly. Bivalent chromosomes, one with two loojis hnt with halves not yet twisted arnurj 
each other. 

Fig. ao. Various shapes of bivalent chromosomes. 

Fig. a I. A typical bipolar spindle showing metaphasc. The celUwall is very thick. 
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The ‘ Endoconidia ’ of Thielavia basicola, Zopf. 


IIV 

WILLIAM B. BRIRKLIAL M.Sc., 

Patkol<>p<aI l.al'omicry, Royal Cardoit^, Ko'o. 

With Plate XXin and one Figure in the Text 

Introduction. 

r UlELAVIA boskok, Zopf, is a parasitic fungus well known to 
plaiit-puthologists. The ascigerous fruit which is referred to the 
Perisporiaceac has only once been obtained in pure cultures of the fungus,' 
and with this exception is connected with the other spore forms only 
bv their association on the host plant and a doubtful tracing of continuity 
of mycelium. . 

The best known condition of the fungus is the black torula or 
chlamydospore stage, which was described by Berkeley and Broome" 

as early as iH.io. ^ 

The interesting ‘endospores' escaped attention until a quarter ot 

a century later, when the fungus w.is very thoroughly investigated by Zopf. ' 

It is with tlii.s stage of Thulavk that I propose to deal in the present 
paper. 

Zopf describes these spores as being borne on short several-celled 
cotiidiophorcs and formed in acropct.il succession. Their lateral walls then 
differentiate into two layers, of which the outer forms a sheath through 
which the conidia successively emerge. The cause of their extrusion is 
presumed to be a mucilaginous middle lamella which swells on access of 
water and so pushes out the .spore. 

' I’eslion, V, ; I.i moiU lU-llc i>i.wUnc nci s.mcni.'ii. Kiarche inlonio .si mcm Jt (iifeii. 
blaz, Sper. Agr. lul., vol. fa5d:. .I, 1900, pi*. 

’ llcrkeley, M, J., .mil llioomc, C. K. : Notices of Hnlish Fungi: Rcrula 'asaola. Rno. an,t 
^'ag, Nat. {list,, scr. J, vo!. V, iSao, j‘. 46t- 

’ Zo(il,tV. : Thichma. gen. nnv. rciisporinceariira. Vcrhanill. Hot. Ver. I'rov. llrandenbnrg. 
i- iS. SiUungsber. , 10 . Tuni iSjfi. pp. 101 - 5 . Die I lire. 1 S 1 . 0 , pp. 36 , Si, 96 , 1 1 .,, I'g. bi. tel 

I'.ie Wnrzelliraiine der [.ti|rinen.einc nciie rilrkraiikheit. Ztsclir. f. PSnn7enkr.inkh.. IW. i. No. 2 , 1S91, 

11’. ri-:6. 


lAnnals of Botnny, Vol. XXIX. No. CXVI. Oclotier, 1915.I 
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There is some doubt whether at first, perhaps, Zopf regarded th 
conidia as produced endogenously; but later he discarded as 
the term ‘ Pscudosporangium ’ for the' pistolenfdrmige Conidicnbildunge„' 
and apparently considered the peculiar formation of the spores to be 
correlated with a curious method of liberation. 

Since this work much literature has accumulated around the subject of 
which the greater part prior to 1909 is cited in the bibliography appended 
to Gilbert’s ' memoir. 

This author, who treats of the morphology of the fungus with more 
than usual fullness, may be taken as representing the general opinion 
.subsequent to Zopf s investigations. The ‘ endoconidiophorc ' consists of 
a tapering ‘ cndoconidial cell’ seated upon a few to several plump barrel, 
shaped cells. The ‘ endoconidia ' arc produced from the copiou.s protoplasm 
within the terminal cell, which open.s by a bursting or dissolution of the tip 
and the conidia are slowly pushed out by the growth of the protoplasm in the 
swollen basal portion of the cell, new conidia being formed continuously in 
the rear of those being ejected. ‘ It is sometimes difficult to perceive that 
the conidia originate within the cell and arc not formed by its direct 
septation.' 

According to this interpretation the conidia arc produced endogenously 
within the neck of a phial-shaped cell ; and below the latest formed 
conidium is a naked surface of protoplasm. 

Diiggar holds a slightly different view. The spores are formed bv 
basipetal septation as short cylindrical cells within the branch. The tip of 
the latter is finally broken and the conidia are pushed out by osmotic force, 
the branch assuming the part of a siiorc-case. 

Massec® describes the conidiophore as an upright .septate br.mcli 
becoming gradually narrowed above anri remaining perfectly colourless. 
The apical portion becomes ruptured and the contents grow out through 
the torn ajiex as a chain of spores. 

Professor V. if. Blackman suggested to me that this subject required 
a thorougli investigation, and I am grateful to him for the l.iboratoiT 
facilities he placed at my disposal. 


Mktiiod. 

The differences between natural structure and artifact in fixed and 
stained preparations of minutiae in Fungi are frequently of so fine and 
nice a quality that their exact evaluation is very difficult. In the present 

' Gilbert, W, W. : The Rnot-Kot of Tobacen caur.e(I by Thulavia t'aiiiohi. U. S. Arrir 
Itur. PI. lad., 1909, Bull. Xo. 15S. 

* 13 . M. : Fungous Diseases of Hants, 1909, p. 3 1 2, Fig. S3. 

’ Massee, G. : A Disease of Sweet Peas, Aster?, and oilier Plants. J 3 u!l. Mise. Inform. Roy. I " 
Gard., Kew, 191 a, pp, 44-52, Fig. 3. Mildews, Rusts, and Smuts, 1913, p. 50, Pl. XI. 
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investigation it was consequently felt very desirable to make as many 
observations as possible upon Thiclaroia in the living condition, and to 
use fixed material for confirmatory work. 

Differential intra vitam staining by the prolonged action of very 
dilute aqueous solutions was largely employed. The fungus was grown 
principally upon banana or potato media, usually .solidified by the addition 
of one to three per cent, agar; and that for preparation fixed in situ with 
cither Bouin’s fluid or weak Flemming's fluid. Alum haematoxylin with 
cither acid fuchsin or Congo red was the stain giving the best results. 


Origin and Growth of the Conidiophorr. 

The peculiarly shaped mother-cell or conidiophorc arises from the 
middle region of a cell of the mycelium as a minute protrusion bounded by 
j very delicate and hyaline membrane. This point of origin, although 
perhaps not absolutely con.slant, contrasts sharply with that of an ordinary 
hyphal branch which is at the anterior end of the cell. Each cell contains 
a single nucleus which is minute, and appears cither as an aggregation 
of deeply staining granules, or is well defined with granules often in 
immediate proximit)-. 

An appreciable time after the inception of a conidiophorc the nucleus 
of the parent cell divides, and one of the daughter-nuclei p, asses into tlie 
protrusion. The protoplasm in the latter is clear and has a higher refractive 
inde.x than the vegetative cell contents. In its development it assumes 
a slightly curved finger-like form and soon is cut off by a transverse wall 
immediately above its base. The protoplasm becomes more dense, but 
rarely granular, and the nucleus occupies a jiosition away from the tip 
of the cell. 

When mature the conidiophorc present.s .m exceedingly characteristic 
appearance (PI. XXIIf, Fig. i), being slightly bulbous in its basal portion, 
and possessing an elongated, tapering, or almost linear apical region. The 
cytoplasm is often slightly’ alveolar or floccuicnt, occasionally minutely 
granular, and rarely slimy or homogeneous. Large vacuoles are usually 
present, which, particularly towards the upjicr region of the cell, not infre- 
quently contain oil-globules. The nucleus lies in the basal portion of 
the cell. 

Formation' of Coxipia. 

The nucleus in the conidiophorc apparently divides in a mitotic 
manner, and one daughter-nucleus remains in the original position, whilst 
the other passes to the apical region of the cell (PI. X.XIII, I’ig. -)■ Here 
the protoplasm shows a barely perceptible increa.se in density, the vacuoles 
contract slightly in size and frequently contain a greater number of oil- 
Slobiilcs. This apical region Containing a nucleus slung in the protoplasmic 
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bridge between two vacuoles is now cut off from the conidiophore by 
a septum which grows inwards in the form of a ring or diaphragm, finally 
closing in the centre (Pb XXIIi, Figs. 3-4). The conidium almost in. 
variably contains two vacuoles, thus presenting a very characteristic appeu, 
ance (PI. XXIII, Fig. a). The oil-globules within the vacuoles may 
remain discrete, appearing as a cluster of grapes ; or fuse to fill the entire 
vacuole so that it reacts as one large oil-globule ; or be present as ;i finj 
emulsion within the vacuole. Rarely oil-globules may be found lyin, 
freely in the cytoplasm (PI. XXIII, Fig. 4). 

Liberation of the Conidia. 

The liberation of the first conidium is brought about by a t.nngential 
splitting of its walls, which are thus differentiated into an outer clo.^ed sheath 
and an internal cell (PI. XXIII, Figs, j, ,v/, and 6). An exhaustive micro- 
chemical analysis of the eonidiophore prior to this occurrence was carried 
out, but no layer corresponding to a middle lamella could be detected in the 
transver.se wall, nor any incipient line of splitting in the lateral walls. 

Almost simultaneously with it.s differentiation, the sheath i.s ruptured 
at or near its apex, and the enclosed conidium projected about uiic-eiuartcr 
to one-third of its length beyond the open mouth of the sheath, ai pcariiig 
like a cork in a phial (PI. XX HI, Fig. 7). Rarely the rounded tip of the 
sheath is torn away and may be observed fitting as a liny capon the ciidoi 
the protruding conidium (PI. XX I H, Fig. 7 «). 

The protopl.asm in the eonidiophore is thus not naked at its apical 
surface, but bounded and separated from the sheath by a very hyaline and 
delicate transverse wall (PI. XXIII, Fig. 7) who.se thickness is one-half that 
of the normal cell membrane. This wall, which lias been overlooked in all 
previous work, now becomes convex to the spore, and, owing to the growth 
of the eonidiophore up through the sheath, pushes out the first conidium. 

Meanwhile the nucleus in the eonidiophore again divides, one daughter- 
nucleus passing to the apical region (PI. XXIII, Figs. 8, 91, which is then 
cut off as the second conidium, by a transverse wall formed in the manner 
already described. This wall is always immediately below the original 
position of the first wall, and when it is differentiated into two layers, 
the line of splitting being in the same tangential plane and meeting that 
between the conidium and the sheath, liberates the spore. 

The latter is pushed out in the rear of the first by the development of 
the subsequent conidia, which are formed in like m, aimer (PI. XX III, higs. i, 

8 9) 

The conidia thus possess cell membranes which are only one-half 
the thickness of a normal cell-wall, this also being true of the sheath an 
elongating apical region of the eonidiophore (PI. XXIII, Pig. 7). 
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[n coniditil formation the latter membrane is not easy to see, owing to 
the browning and increasing opacity of the sheath. 

It will be noted that the development of each transverse wall adds 
a minute fraction to the length of the .sheath. I n consequence early conidial 



ThXT-viG. 1. Uninucleate coniiliojiliore. i. The uuckus titvitics and one daughter>n\iclcu> 
pii'ses lo the iipjxir eml of the cell. .\ transverse wall develops as an ingrowing diai'liragni 
cuuing iiff the iipj^r region of the conidiophnre. 'I'he lirsi coiiidium is <!elinnteil. f. The wall 
f'f ihe cf'iiiilium diffcrciitiaics into two layers. 6 and 7. K\iplure of the sheath and liberation of the 
tiftib iiim. S anti 9. Formation of the second conidium. to. l-ilteraiiou of the second conidimn. 
It. formation of the fourth conidium. 1 1 . late conidial formation at base of long sheath 

formation occurs at the base of a ..^hort .sheath ; whilst later it appears to 
foke place some considerable distance within the neck region of the coni- 
diophorc, in reality at the base of a long sheath (I’l. XXIII, Figs. S, 9). The 
latter therefore contains several spores at once, thus giving the appearance 

Kk 
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of an active free cell formation occurring within an open tapcrincr m 
cell or conidiophore.’ 

The process of conidial formation and liberation is diagrammatical] 
represented in the Text-figure. * 

The Transverse Wall in Conidial Formation, 

Exact knowledge concerning the process of cell-division in Funnj 
is curiously limited, and the few studies which have been made yiefj 
discrepant results. 

In the beak cells of Basidiobolus rannrnm, Fairchild “ has describfj 
the formation of a true cell-plate during the anaphases of division ; wjijjj 
Raciborski ^ and Woycicki,* and more recently Olive,’ maintain that tlit 
new wall grows in from the periphery .as a constricting diaphragm, after 
reconstitution of the nuclei. Olive' has also described a like process in 
Empusa aphidis and E. sciarae. The gametes of Sporodinia and tb 
conidia of Erysiphe are cut off in a similar manner, exccfit that according 
to Harper '' the apparent ingrowth here is simply a deep narrow furrow and 
not the growth inward of a ring of cell-wall substance. The wall in this cast 
is deposited later between the two plasma membranes. 

On the other hand, Baum * has described the laying down of a cell, 
plate during mitosis in Coprinus cpJuvicroidn and C. lagopns ; and thi: 
method has been confirmed by Mairc for C. radiaius. 

' Under exceplional drcumstancei Ihc conidiophorcs which normally produce thiii-wai;.:., 
‘ endooonidia’ may give rise to chlamydospores. This first happened whilst repealing roj;!! r,'; 
experiments (loc. citO in a vain endeavour to obtain the ascigerous stage. Later it could hepruHic;-'; 
(though not with any constancy) by strikingly altering the conditions of ihi.' fungus, as fur t\:ur, vt 
from a state of desiccation to one of moisture ami considerable warmth ; or by tronting ilie 
with very dilute chemical solutions or mineral acid,-!. Un'lcr »uch conditions of tli-vivijumiu t'c 
conidiophore usually grows right out through the sheath, and then behaves as a hypha of timi.ed 
growth, fonning chlamydospores in the normal way (see note on p. 8), The hallur never reiiih,; 
from the transformation already formed hyaline conidia (compare Thiihv.'iopEn /ufufiMif sia 
Sphaercncmii (uiipoium). Very often the formations were abnormal, the bpores hting tlilek-wa!hf 
but irregular in shape. Not infrequently the conidiophorcs which had given ri^e lo the>e 
walled spores could be induced to return to thvir normal fuiiLtinn liy m.atdng the cnr li.hi 
natural again. 

Fairchild, f). G.: Ueber Kemtheilung uml I’-efruchtmig bci /'’ti'ji/rVv/uf eauduc!. Fi:?,".. 
Jahr. wiss. Lot. xxx 1S97. 

^ Raciljorski, M. : a. Mykologische Sliulien, 1 . Karyokincse Ui Ihiudif'fiK ; b:.’ . 
Kidam. Hull. Intcinat. dc I’Acad. dcs Sci.de ('r.ao<»vU', i?'9b. /]. .‘^(udya icykidn-io/iii ; rAjii,::!; 
dcr Aka«l. < 1 . Wiss. zu Krakau, XIV. 2, 1891;. 

* Woycicki, Z. : Einige neue Ueitriige /iir bjitwicklungsgcscliichlo von ••-■jr ,r-; 

Eidam. Flora, 1893. 

^ fllive, E. W.: Cell and Nuclear Division in /iasUich.-w:. Ann. Mykol., vo 1 . v, i.)-'p 

* Olive, E. W. : a. Cytologtcal Studies oti the Kiibmiophilu-rv.ic, 1 . I hc M-u; hoi k! • ' 
Development of Emfma. 0 . Cytologlcal .Siudke on the Lntomophtlioreac. 11 . Nnch u 
I)ivi^il'n in Empusa. Tk>t. (i.iz., vol. xlt, 1906, 1 . 

Harper, K. A. : Cell Division in Sporangia and Asci. Ann. of I’ut., vol. xiii, iS'jn 

* Baum: Ulier Zclltheilungen in I’ilzhyphcn. Inaug. Di«s. d, I'nivcrsitai Ha^cl, I'joo. 

* Maire, R. : Recli. cytol. sur le» Basiiliomycctcs. Bull. Soc. Myc. dc Fr.ance, ivo- 
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Faull’ working on Laboulbenia chactvphora and L. ^yrinidarunt, 
a delicate sheet of granules appearing across the diameter of the 
fitment after the reconstitution of the nuclei. This becomes a definite 
cell-wall with a middle lamella. 

In the conidiophore of Thielavia the transverse wall is formed by 
the ingrowth of a constricting incmbraiic .some considerable time after 
the reconstitution of the nuclei. The walls in the chlamydospore.s of this 
fungu.s are formed in like manner. 

The phenomenon is apparently of cytoplasmic determination, and 
merely remotely or indirectly subject to nuclear control. 

The formation of a transverse wall by a constricting ring-like growth 
may be brought about in two ways. The inner laminae of the parent wall 
may infold in the manner described for certain Algae ; - or, as occurs in 
Vmkvia and the cases described by Olive,’ by a progressive deposition of 
new cell-wall substance upon a localized surface of tiro parent wall 

In its earliest stages tlic septum appears a.s a minutely granular, bard)' 
visible ring, becoming imperceptible at its ingrowing edge. With devdop- 
ment its peripheral margin becomes more apparent, and a minute 
<.shaped mark may with difficulty be distinguished in the middle line 
of the parent wail opposite the diaphragm (PI. X.XIII, Pigs. 3, X). On 

the completion of the septum the wall rapidly assumes normal thickness and 
appearance (PI. XXIII, I'ig. 4). 

The > -shaped marking is in the line of the subsequent differentiation 
of sheath and inner wall and is probably a splitting apart of the laminae. 
The most careful niicrochcmical analysis failed to reveal it as a sub.stancc. 

In certain c.ase.s investigated by Olive' the new wall invariably grows 


inwards, constricting a vacuole ; a protoplasmic bridge is later thrown across, 
and the completion of the membrane divides tin; vacuole into two portions. 
In Tlnclavk tlic new wall is invariably formed between vacuoles (PI. XXIII, 
Figs. 3, qn). 

In normal conidial development the formation of the transverse wall is 
complete; but occasionally in abnormal specimens a pore vaijing in 
diameter and admitting a wide protoplasmic .str.rnd is present ( 1 1 . XXIII. 
Figs. 10, ion). In rare instances the growth of the septum is such that 
it bears striking resemblance to the lamcllo.se plugs of todunii ( 1 1 . X.XIII, 
Figs. II, II fl). 

It is interesting to note th.at in the transverse walls scpar.ating the 
chlamydosporcs, a single central pit is present. Ihis, wliicli is figmed bp 


' j. II, ; The Cytology of ctiW.'.'/scca aisi /. .\ii.i. of »ot. 

vol. xxvii, 1512. 

Mkand, F.; Cbcr Mcmlinui, Schehlcwluidf tui'l (idfiikc ikt 
I rdselir, (Icr Deutsch. lk>l. lyoS, wlicro tlic lilcralure cilol. 

^ Olive, K. loc, cii., 190ft. 

^ t^livc, E. \V. : loc. cil., 1906. 
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Zopf but overlooked by nearly all later observers, is always closed by 
a middle layer of cell-wall substance.’ Rarely a pitted transverse wall, 
apparently affording protoplasmic continuity, could be distinguished m the 
vegetative hyphae. 


Discussion. 

The development of ‘ cndoconidia ’ is a process distributed sparingly 
but widely in the Fungi ; and examples have been repeatedly described. 

In consequence the extensive literature on the subject is very scattered, and 
the synonymy of the forms has become greatly confused. Such species 
bclonrring to more than thirty genera arc known, but it is probable that 
these may all be legitimately included in the following genera 
Sordaria, Phiaha'. Thiclavia, Pyxidiophora. Sphacronma, Thiclanopm, 
Sporoscliisma. Chakra, Cytosporclk, Allcrnaria, Endocomdmvi, Hymcndk, 

A critical consideration and analysis of the published figures and 
descriptions, and in many cases of the Fungi themselves, .showed an 
extraordinary similarity of form and, structure, size, and, where known, 
developmental details. 

This likeness is so fundamental and complete as to nullify the dis- 
crepant accounts of the several authors, and, considering the extremely 
stereotyped character of the few methods of spore production known in 
Fungi, almost to preclude the doubt that po.ssibly more than one process of 
development may be responsible. 

I According .0 Zopf the chbmydosporcs nre exogenous and their walls hid 
in the hypha (Simnltanc ScheidewandbiWung, loc. cit., 1S90) : whiUt Dnggar sa u 
n r un Sat L r ‘ca.ly stages of formation differ only in size from the endospo es ; that 

shared cells during the development of a hypha of slrictlj " , ' , , 

condition for some time and then gradually and is aqosite!, 

walls have attained their mature thickness that the brown . • j ^ 

A slight ‘lagging’ in this latter process is ar^arent rn > 

frequently one to three or four cells at the base and mre y , ^ 

development possible, the latter of itself havmg no effect on y,„-, 

Z See Additional Literature. Those hung, winch may be refened to the gene a 

tion for each cell of the fdament gives nse by rejuvenescence to q ■ - j*™ 

appearance simulating an • endoconidial cell’ w.tb a chatn of s,«res ,s produced. 
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In only two or three cases has the mode of spore formation been 
(levelopmentally observed, and then in but a cursory manner, On the 
other hand, in practically all, an endogenous origin of the spores by free cell- 
division within the ‘ endoconidial cell’ has been assumed. 

The more accurately these Fungi have been investigated the more 
irreconcilable arc the facts with any hypothesis having a true and continuous 
endogeny as its basis, and the more exactly do they accord with the inter- 
pretation I have given of the process of spore formation in Thidavia. This 
latter is not one of endospory or endogeny, and the terms ‘ endoconidium 
' endoconidial cell and ‘ endoconidiophore ’ are misnomers. The formation 
of conidia is a process of acrogenous abjunction acrogene Abgliederung ’ '), 
and it is only in the mechanism of their liberation that the peculiar character 
of these Fungi is seen.® 

Summary. 

The conidia of Thielavia basicola arc not endospores formed by free cell- 
division within an endoconidial cell. They are acrogenously abjointed from 
the coiiidiophore. 

The first conidium is liberated by the differentiation of its walls into an 
inner wall and a sheath, and by the rupture of the latter at its apex. 

The later conidia grow out through the sheath of the first, and are freed 
by the splitting of their basal walls. 

The formation of the transverse walls is by the ingrowth of a ring 
of cell-wall substance which finally closes in the centre. 

The process of conidial development seen in Thielavia is probably 
that of all ‘ endoconidia ’ in Fungi. 

' tit llary, A. ; Comp. Mor]>h. ami Biol, of the &c-, )'. 6i. 

• U is iiitcftslinj; lo m-le that neither <\t liary Joe. eii.) nor ZalcwAi \l‘eler Sporeiubsclinii- 
tuiijf unJ Sporcnabfallcii bti Otn Mora. 1S03' lutiitioiied iK'ic form?, although certain ol 

them were well kiiywii at the lime. 
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EXPLANATION OF PLATE XXIII. 


IllustratinjT Mr. lirierley’s paper on Thielavia. 

The figures were drawn with the aid of a Zeiss camera lucida. A Zeiss 2 mm. apocbromatic 
i | chjecthe was usc>l with a x la compensating ocular (Fijj, 7), a x 18 comps, oc. (Figs. 30, 
•a loa, lift), and a x 5 comps, oc. (remaininjr Figures). 

Abbreviations \ used : — r. — conidiophore ; «. nucleus; v. = vacnole; 0. = oil-globule ; 
1 = protoplasmic strand; i. = transverse wall ; sh. = sheath ; s(. = sheath cap; spl'. = <-shaptd 
marking outside transverse wall ; spl. ~ line of differentiation of .-heath and spore wall. 

Figs. 1-4. Formation of the first conidium. 

Ftg. I. Mature conidiophorc. 

Fig. 2. fhe nucleus divides and one daughlcr-nucletis («'.) passes to the apex of the conidio- 
phore. Specimen slightly plasmolysed. 

Fig 3' Formation of the transverse septum as an ingrowing ring of cell-wall substance. 

Fig. jci. Details of above moic highly mngnilicd. 

Fig. 4. The completion of the transverse wall has cut off the fl^^t conidium. 

Fig. 5. The walls of the conidium diffcientiale into two layers, the splitting being in the line 
ai the <-9haped m.irking. 

Fig. Details of above more highly inagnifud. 

Fig. 6. A specimen strongly plasmolyscd to show more clearly the- difleieiitiation of the walls 
conidium (reduced by one-half). 

Fig. 7. I'he lip of the conidiophorc shortly after the libetaiion of the fust conidium. 

Fig. ‘a. The sheath, rupture<l below the .apes and its tip borne away on the conidium. It is 
interesting to note that in ihU case the conidiophorc is the geim tube of a conidium. 

Fig. S. Late formation of conidia at the base of a long sheath. 

Fig, 9. A similar sWge in which the conidia have been removed to show the sheath. 

Fig. 10. Abnormal development of transveisc wall, leaving a wide protoplasmic strand. 
Sijccimcn iiiueh plasmolyscd to show relations oi wall.s. 

Fig. 10a. Details of above more liighly magnified. 

Fig. II. Abnormal development of iiansversc wall resembling lamcUosc j'lugs of CoJium. 

Fig. 1 1 <1. Details of above more highly magnified. 
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Studies in the Phytogeny of the Filicales. 

V. Cheiropleuria bicuspis (Bl.), Presi, and certain other 
related Ferns. 

BY 

F. O. BOWER, Sc.D., F.R.S. 

Kepus ProfiSior pf Dolauy in the Vniveriily of Glas'^o'<o. 

With Plates XXIV and XXV and nineteen Figures in the Text. 

T he Fern which now passes under the name of Chciropkiiria bicuspis 
(Rl.), Prcsl, was first noted by Rlnme in ifi:X (Fil, Jav., p. 125, and FI. 
Jav. ii. 175, Tab, LXVIII, B). He referred it lo Polyfchlimn, as P. bknspc, 
]il. It was subsequently described and figured by Sir William Hooker in 
the London Journal of Botany, vol. v, p. ipq (1X46), with Plates Vll and 
VIII. His specimens were collected by Thomas Lobb for Mr. Veitch, 
in the mountain tops of Java, and Sir William Hooker designated it as 
a splendid new species of an Acrostichoid Fern, ranking it with the genus 
Gpnuoptcris, Rernbardi, as G. 'icspirlilio. But in 1X49 it was constituted the 
sole representative of a new genus, Chdropl uria, by Prcsl. It will be seen 
from what follows that it is propcrl)' ranked as the only known species 
of a substantive genus, and that the references to Acrostkhum and Poly- 
podinm would only be possible in the older and most extended sense 
of those genera. 

The Fern is rather widely distributed in the Malayan region. It 
is recorded from Malacca, Java, Sumatra. N'ew Guinea, Borneo, the 
Philippines, South Annam, Formosa, and it even extends beyond the tropic 
to Oshima, the northernmost of the Loo Choo Islands (Christ, Geogr. dcr 
Fame, p, 164). It is moreover especially worthy of rcm.irk that it is com- 
monly associated with Diptcris amjugaht. This identity of distribution 
ill Ferns which bear such a similarity as will be shown below, may probably 
be more than a mere coincidence. 

After more than one unsuccessful attempt lo obtain supplies of 
material for the examination of this peculiar Pern, which has never yet 
boon submitted to anatomical and developmental .study. Professor Baylcy 
Balfour kindly passed on my wish for specimens to the R.aj.ih of Sarawak. 
lAnnala of Botany, Vol. XXIX. No, CXVI. October, 1915.) 
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This led to correspondence with the Director of the Museum at Sarawak 
and with only very short delay I received from him a plentiful sunnl 
of specimens, both dry, and in spirit. They were obtained by him on 
a collecting trip to Mount Poi, Sarawak, in April, 1913. (See J. C. Moulton 
B.Sc., F.R.G.S., Journ. Straits Branch R. A. Soc., No. 65, 191 
these it has been possible to ascertain all the essential facts of structure 
though naturally certain developmental details must be left aside. In pa,- 
ticular the gametophyte is still unknown. My hearty thanks arc due to all 
those who helped in obtaining this material for observation, and especially 
to Mr. Moulton himself. 

The best known of the published figures of the plant is that of Hooker 
which is quoted by Diels (K. & P., i. 4, p. 337, Fig. r;,.-,). But more 
recently a photograph has been published by Christ (Geogr. dcr Fame 
p. 18, Fig. 7), which gives a good idea of the appearance of the whole plant. 
There seems, however, to be sonic uncertainty as to the habit of this Fern 
which probably arises from its being rather variable. The axis is elongated, 
and the internodes between the alternate leaves of various length (Fig. 1), 
It is densely clothed with silky yellow hairs, and bears many dark brown 
roots. Parti)' from the angles at which the petioles come off, and p.utly 
from the absence of soil from some of these rhizomes, it .seems probable that 
some at least of them were climbers, others creeping on the ground. This 
would accord with the earlier descriptions. I'or Hooker (Sp. I'll, v, p. 473) 
mentions that in Java it is found ‘on trees’. Diels (F. & P., i. 4ip. 336) 
describes it as ‘ epiphytic or tcrrc.strial’ ; while van Rosenburgh (Malayan 
Ferns, 1909, p. 732), who probably has had the best opportunities for 
personal observation of it in nature, descr ibes it as ‘ creeping or subscandent’. 
The material I have examined would accord best with this last description. 

Dichotomou.s branching of the rhizome has not been observed. Lateral 
branches are, however, frequent ; they arise on the abaxial face of the bases 
of certain leaves, but not of all (PI. XXV, F'ig. 2). The po.sition is similar 
to that of the branches obsei'ved in lufhosoria and Metaxya, and a similar 
position ‘ on the hinder side of the stipes of etich of the erect fronds ’ has 
been ascribed to like buds in Platyrerium alckonte (Higher Cryptoganiia, 
p. 252). On the other hand, in Matonia (Seward, 1 . c., pp. 174 and nS;, 
F'ig. 6) the branching is dichotomous, as it is also in Diptcris coninpaU 
(Seward, 1 . c., p. 494) ; and 1 find the .same in Diptcris Lobbuina- Other 
modes of branching have not been observed in these F'erns. These data 
are in themselves interesting in their relation to the views of Velcnov.sky 
and of Schoute. The matter will be considered later, when the anatomical 
relations of the parts have been described. 

The leaves arc strongly dimorphic. The .sterile have a firm leathery 
lamina borne on a thin wiry petiole of variable length, up to as much 
as a foot. The fertile leaves arc taller, and bear a narrower lamina, 
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their mutual relations at the base of the lamina shows that the 
on a plan essentially similar to that in Matonia (compare Seward 1^*^*^ 
PP- 175-^1 and Fig. i). It may then be concluded that the leaf in 
pteuria is a condensed and webbed example of the Matonioid type 
it is further remembered how the stages of progressive webbing are illus 
trated in the genus Dipteris, as well as in the related fossils Clathroptcrii 
and Hausmannia, it becomes clear that this is the true interpretation 
of the peculiar and variable forms of lamina seen in Cheiropleuria. (Com 



Text-tig. i. Trace of ihe vascvilar sy>tem at the base of i)ic limiiia oi a larj,'c nitrile Ic.if of 
CheiropUiiria, showing the pedate relation of the main veins, after the manner of Mdlwid. Hie 
smaller veins show the * Venalio Anaxeti x 4- 

pare Seward, Phil. Trans. 194, PI, 4S, also Land Flora, p. 61 S. .\lso 
Seward, Fossil Plants, ii, pp. 386-94.) 

Between the main veins there is a reticulum, which is of the type 
described as ‘Venatio Anaxeti’ (Luerssen, Rab. Krypt.-Fl., iii, pp. i?-'!’' 
Fig. 22). This is the type also for Dipteris coujiigata and Lobbutna 
(Text-figs. 2, 2 bis), and the same type, though in a more compact form, 
is seen in Platycerium (Text-figs. 13, 14). 

The venation of the leaves of young plants of the Ferns above named 
would appear to present a promising line for further comparison. For- 
tunately, among the material of Dipteris conjugata collected by Professor 
Lang oh the Malay Peninsula, some plants have been found which were 
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venation characteristic of the mature plant appears in the young 
The chief interest centres in the main veins. There is an apparent bifurcatijj 
in each at the upper end of the petiole ; the two chief veins thus established 
may fork again (Figs, b, d), or their branchings may appear less regular 
For purposes of comparison attention should be fixed upon the areolae 
which lie between the limbs of the first forking. In the smallest leave; 
(Figs, a, c) these areolae are less regularly defined, but in the more 
advanced (Figs, b, d) they are more definitely of square or polygonal 
outline, each with a venation within it ending in blind twigs. They present 
a very regular appearance in Fig. d. It may further be noted that as thj 
forkings are repeated, in cases where the lateral lobes are strongly df. 
veloped, there is a tendency towards a pedate development of the main 
venation. This is already recognizable in Fig. d, and it may become more 
marked in older leaves. 

Comparing with these leaves the youngest leaf available of Ckin- 
platria (Text-fig. 4), the outline of the lamina is here entire, there being 
no indication of bifurcation. But as in D. conjogata there is an app.irent 
bifurcation of the main vein at the top of the petiole; the areolae be. 
tween its shanks are of exactly the same type ns in Fig. 3, d, while the 
main veins give off further branchings right and left, which correspond 
essentially to those seen in Difteris conjitgata. The similarity of the two 
is patent, allowing for the difference in outline of the leaves. A f.rthcr 
step is to compare the young leaf of Platyccrinm. The young pliints of 
r . Vciichii used were probably raised from vegetative budding. One 01 
the youngest leaves (as yet undifferentiated as of the ‘nest’ or ‘fertile 
type) was removed. It is sessile, for which fact allowance must be madt 
in the comparison. Its outline is very similar to that of the young l.imim 
of Chciroptairia, and its venation is obviously the same. Two main veins 
enter the base of the leaf, and behave in all essentials like those in Chnn- 
ptcurin. Similar areolae lie between them, but the venation within eacli of 
the areolae is of a simpler type (Text-fig. 5). This comparison of the young 
leaves shows that they' all conform very closely to one type in their venation. 
It may be held .as supporting the relationship of the three genera, which 
will he found to be .strengthened by various other lines of similarity. 

Comparison may be based upon the dermal appendages. Mrc.ndr 
Seward has noted the multicellular hairs on the rhizome of Matouhj (l.c.. 
p. lyo), and has figured them (I’l. ly, I'ig. 3*)’ They appear to be ail 
unbranched, and of the same type ; and they form a dense covering, hacli 
has a long setaceous indurated distal part, of two to ten or twelve cells, and 
a basal region of .shorter thinner-walled cells, which suggc.st an intcix.ilai) 
growth at the base. Seward has also described for all the four species 
of Dipteris how the rliiz.ome is covered by stifflrrow n .scales, forming a denx 
felt ( 1 . c., p. 493, ri, 49, Figs. 29, 30, 34, 36). In the young state they are 
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• le hairs ; but later the distal cells elongate and become brown and 
■ H rated, while the proximal cells remain short and thin-walled, and 
Ivide by longitudinal walls, so as to form a considerable solid base. All 
'he hairs are here again unbranched, but the marginal cells project at their 
, as blunt bosses, giving the margin a deeply sinuous outline, 
their structure appears to be an advance upon the simple type of hair 
in Matonia. The difference is due to the longitudinal divisions at the 
base but still the type of hair is essentially the same. In Cheiropleuria the 
' of hair conforms more nearly to that of Matonia than to that of 
Each is long and unbranched, and is always composed of 



TE.sr-nii. 4. jiivniile l(af 
of fjhcinpkuria showing the teii.nidii 
fi>r comparison with JUf-tiii- 'fn- 



a simple filament of cells. Hut the intluration is much less pronounced 
than that in either Matonia or DipUris. hach may con.'ist of as many 
as twenty or thirty cells. The type of hair seen in Ckirophurm is thus 
probably as primitive as in any of these herns. On the other hand, in 
Plutyccrinni the leaves, while young, and especially the fcitile regions, arc 
very efficiently covered by the well-known ' indumentum of tufted hairs. 
Each hair consists of a stalk, with a multicellular distal star of about, six- 
rays. Clearly this is a more advanced state than that of any of the Ferns 
mentioned above. 

A more complex type of dermal appendage is seen on the thi/:oiTic o 
Platycerium. In I’, aickorno the apical bud is densely covered with .scales. 
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which are long and narrow, with a dark brown central rib. The distal cnj 
thins out to an acuminate apex, and may be terminated by a glandular 
cell. The midrib may be more than one layer of cells in thickness, and is 
composed of oblong cells with thickened brown walls, similar in their 
character to those forming the whole upper part of the hair in 
Laterally the appendage is flattened out into flaps of thin-walled cells 
a .single layer in thickness, while at the margins are borne fringes of hairs' 
each terminated by a glandular cell. At the base of the scale there remains 
for a time an active formative zone of delicate meristcmatic cells, a condi- 
tion which compare.s with what is seen in Matoma. Dipteris^ and Cheiro. 
p/airiti. The whole scale is thus much more elaborate than in any of the 
preceding Ferns. Hut it may be held as a po.ssible derivative of the type 
seen in Dipteris- A widening of the margins into thin lateral flaps, an 
elongation of the bluntly projecting marginal cells of Dipteris into multi- 
cellular hairs, and the appearance of terminal glandular cells upon them 
would convert the type of hair seen in Dipteris into the scale of the rhizome 
of Platyccriuni. And both are possible derivatives of the simple hair ol 
Matonia, or of Cheirvpkuria. 

Axatomv. 

I am not aware of any detailed account having yet been given of the 
internal structure of Chciropleurut. Christ (Farnkriiutcr, p. 128) makes 
a statement in his generic description which suggests a solonostelic 
structure ; but none of my specimens confirms this. Section.s of the 
rhizome, at whatever level or age of the specimen, show a protostelic 
structure. The stele is of considerable, size, and in .structure and in form 
it resembles closely that of the protostelic Glcichenias, such as (i. JiabclkUi^ 
or dichotoma (PI. XXIV, Figs. S \ z). It will then be unnecessary to dc.scribe 
it in detail. But it is to be noted that the protoxylem which enters from 
the leaf as a double strand (Fig. 1 1) merges at once on entry into a single 
strand (Figs, to, 12), and can be traced only for a very short distance 
downwards below the point of entry. Accordingly, as a rule, only one 
such strand can be recognized in a given transverse section of the protostcle. 
The xylem consists of rather wide trachcidcs, interspersed with parcnchjma, 
which is more plentiful towards the centre of the stele. The band of phloem 
is characterized by narrow sieve-tubes, while the rather prominent proto- 
phloem is composed of specially small elements, the walls of which appeal 
brown under safranin-haematoxylin. Outside this are about three l.ijcr.- 
of pericyclc, and finally the endodermis. This delimits the stele from the 
broad peripheral cortex, of which the outermost layers are brown .tnd 
sclerosed. 

The leaf-traces are seen to originate from this protostcle alternaiel) 
right and left of the median line, on the upper side of the creeping or 
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^(jiiirr stele. First a group of small protoxylem tracheides appears 
j] or four layers below the outer limit of the xylem ; opposite 
'"'the xylem projects as a rounded hump. Soon 

jjjohytna cells aggregate internally to the protoxylem ; the outer 
m then projects still more, and a loop of xylem with the protoxylem 
viii^ centrally within it is formed (Figs. 10, t j). This body of tissue 
° es to move outwards, some of the internally-lying tracheides 
Til -ing it, while laterally a constriction is formed, equally as a rule 
° both sides. As it deepens, the leaf-trace becomes gradually shut off 
from the stele by the intruding phloem and sheatbs. On the separation 
of its xylem from that of the stele, it consists of an oval tract of tissue, 
^closing within a complete ring of metaxylem a parenchymatous island, 
and on "the peripheral limit of this lies the protoxylem, which has mean- 
rtile divided into two groups (Fig. 11). Subsequently the trace bccome.s 
completely abstricted from the stele. It very soon opens out by separation 
of the meta.xylem in a median plane, the lateral portions withdrawing, till 
the whole leaf-trace takes the form of a crescent, as in the cases of Matonia 
itid Diptcfis conjugata ; the differences arc that the leaf-trace is here 
narrower, and the protoxylem groups arc only two in number, while the 
margins of the -xylem are less strongly curved ; there is also an enlargement 
of the xylem in the median plane. But this condition is only maintained 
for a very short distance. A median constriction soon appears (Fig. 13), 
and the xylem divides through the median enlargement above noted. The 
whole leaf-trace finally divides into two equal halves, each with its own proto- 
xylem (Fig. 14), and in tliis state it passes out into the base of the petiole. 

In the mere fact that the leaf-trace is at first undivided, Chcmpteris corre- 
sponds to GUklicnia, Matonia, and Diploris conjugata.^ In its origination 
from a protostclc it compares with all the simpler Gleichenias, and differs 
from Maloma and Dipuris, except in their seedling stage. It has been 
shown by Tansley and Miss Lulham (Ann. of Bot., vol. xix, p. 49 ®) 
the young seedling of Malania has a protostclic axis. The same has been 
shown to be the case of Diptcris Lobbiana, by Mi.-s de Bruyn (Ann. of Bot., 
vol. x.xv, p. 761). Tlie young plants of D. coiijngala were also examined 
by her, but the material did not suffice for dcmonstr.ttion of the earliest 
phases. This deficiency has, however, been supplied by \ oung plants of 
that species collected by Professor Lang, on the Malay Peninsula, and the 
section seen in Fig. 15 shows the protostclc, from which a leaf-trace is just 
passing off. It may be taken then as usual for Mahmia and Diptons that 
the axis is at first protostclic. .and that it passes through a ‘ Limisaya sUge 
to solcnostely of a more or less complicated type. Thus it is only « ith l.'c 
youngest stages of these Ferns that the mature condition of C/iniopkio !a 
can be compared. It has retained throughout its life the primitive state of 
Oliic/ii'uid. 
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But though Gleichenia, Matonia, and Ckeiropknria all agree in 


'"g 

gWos 


an undivided leaf-trace, that is not a constant character of the 
Dipteris. It is so in D. conjugata, as has been shown by Seward] 
Trans., vol. 194, p. 49 *^. P'- 47 . F'g- 4)- But already Miss de Brj]] 
has observed that in the young plant of D, Lobbiann the leaf-trace comes 
off as two separate strands ( 1 . c., p. 769, PI. 57, Figs. 9-12). In mature 
plants it may be more complex still, and Text-figs. 6, a-f show by a sue 
cession of sections from below upwards how the trace arises. In a the 
solenostele is about to open to form the foliar gap ; b shows how, after 
opening, the margins are deflected outwards, while c shows how two 
strands have separated from the stele, and one of them has already divided' 


at Z. C 



Text-figs, 6, a-f. Saccessive transvtrse sections, from below upw-irds, showing the sepamion 
of the leaf-ttnce from the solenostele in Dipiiris Lolbiana. x 3 - 


in d and e, both have divided, and the leaf-trace consists of four strands, in 
which state it passes out into the petiole ; very shortly the solenostele again 
closes, as shown in /. 

These facts are here adduced because they have an interesting relation 
to what is seen in Cheiropknria on the one hand, and in Ptalyccrium on tlie 
other. In the former the leaf-trace come.s off, it is true, as a single strand 
but it divides almost at once, in fact before it has traversed the cortex 0! 
the axis. In this respect it is in advance of the condition seen in Glekhori- 
Malonia, and Dipteris conjugata. But Dipteris Lobbiana is again more 
advanced, since the trace originates as two .separate strands, which dividr 
again before the trace leaves the cortex of the axis. On the other hand, in 
the young plant of Platyccrium Miss Allison has shown that the Icaf-haa 
arises as two strands; but in the case of the mature leaf it is much more 
complex, consisting from the first, it may be, of a large number of separate 
strands (compare Text-fig. 9, below, p. 508). Thus in the matter of 
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complc'^i'y of the Icaf-tracc these Ferns may be held as forming a series, 
progressive from the simple condition seen in the simpler Gleichenias, and 
leading to the state seen in Platycenim. It will he seen later how far 
this runs parallel with seriation of them according to other characters. 

It has been seen that branches are given off from the bases of many of 
the leaves, on the abaxial side (Fig. i). In resolving the question of the nature 
of the branching, it is important to know the vascular connexions of the bud. 
This is shown for a given case of Cheiroplcuria by the sections a-c of Text- 
f,g, 7, which read from below upwards. The related leaf-trace originates 
from the axial stele in the normal way, and the protoxylem divides as usual 
as it enters the leaf-trace into two .strands, which take the usual position. 
But the proportions of the leaf-trace .strand are different from the normal. 
(Compare a, which is normal, with b, which bears a bud.) Its outline is 


I c 



Tf.xt-kic,. 7. Transverse section of the rlnzorrte of Chdre^kuna^ to show the relations of the 
leaf-trace and the lateral bud to the stek of Iho axis, a ibows the relation of two normal Icaf- 
iiaces, where no bud is formetl. b-e show ^ucce3sive sections from below upwards, in the case of 
a lenf-tracc where a lateral bud is borne on the abaxial side of the kaf-tr'ce. x 3. 

nearly circular (^), owing to an enlargement of the xylem on the abaxial 
side. Later the trace opens out. as iu the normal leaf, on its adaxial face ; 
then, first on the one side and then on the other, lateral hook-like processes 
are formed {b, c). These soon become detached as the two components of 
the leaf-trace, and as such enter the petiole. The large residuum of vascular 
tissue, lying in the median position with regard to the leaf, passes out 
directly as the stele of the lateral axis [d, c\ The vascular relations are 
here essentially the same as those seen in Loptwsorio. or Mchixya. As in 
those Ferns, so here in Chiiroph-urut, the va.-;cular connexions indicate that 
the lateral axis is an accc.ssory appendage to the leaf. It would be difficult 
to see in them any evidence supporting the view that such branches are 
a result of some modified bifurcation. The conclusion will then be that 
dichotomous branching is in abcy^ance in CUe'iropb nna, and that a forma- 
tion of adventitious buds at the leaf-bases is the rule. This conclusion is, 
however, provisional, pending a searching examination of the ultimate 
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genesis of the bud, whether it be in relation to the apex of the shoot, or i? 


really adventitious. 

We have seen that in Cheiroplcuria two strands of the leaf-trace enter 
the petiole : they maintain their identity for some 



distance (Text-fig. 8, i). The following details 
relate to a special case, and may be open to 
variation. About 3 inches above the base of the 
petiole the two strands divide, each into two 
(ii, iii) ; the four resulting strands pursue their 
course thus for about 2-3 inches further (iii), 
when those nearest the median line fuse (iv); 
this takes place about 2-3 inches from the base 


of the lamina. Later they again separate, the 





former arrangement of the four strands being 
resumed (v). The marginal strands then bifurcate 
(vi), to give six strands, the further course of 
which may be followed in the superficial views 
of the base of the lamina. 

A comparison may be drawn with the petiole 
of Diptcris Lobbiana, as regards this behaviour oi 
the strands of the petiole. It has been seen that 
the leaf-trace there also originates as two strands, 
which at once divide ; so that four strands pass 
up the petiole (Text-fig. 6) ; thus the condition 
comc.s to be virtually the same as that seen in 
Text-fig. 8, iii. But at some point about two- 
thirds the distance up the petiole, the pairs of 
strands fuse again, and the two resulting strands 
have an obvious relation to the bifurcation ol 


Text-figs. 8, i-vi. Sne- 
cpfisive transver&t sections of the 
petiole of a sterile leaf of Ckiiro- 
flcuria—\, at the base; ii, about 
3 inches up ; iii, 4 inches; iv, 
6 inches; v, 8 inches; vi, 9 
inches from base. Kijjs. vii, 
viii, are from a fertile leaf, at 
levels corresponding to Figs, v, 
vi of the sterile leaf, x S. 


the lamina. 

Such division of strands as this in the petiole 
of DipUris Lobbiana, and in Cheiroph'urk, and 
the subsequent fusion of the strands so as to clore 
the gap formed, is only a special case of those 
arrangements commonly occurring in the petioles 
of Ferns, and giving the character of a dmded 
leaf-trace. The point is most obvious in those 
cases where the leaf-trace is in other species of 


the genus an undivided .strand, as in Diptcris Lobbtana and /’A't'hO''' 
semicordata (Ann. of Bot., xxiv, p. 431, Text-fig. 2). Such cases as t cse, 
occurring as they do without any relation to the pinnae 01 their pii 
traces, may be held to be ‘ perforations of the petiolar supply, comp ^ " 
in their nature to the ‘perforations' so often seen in relatively ad\a 
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Perns in the axial stele.' Their occurrence in the Dipterid affinity has 
j special interest, in connexion with the comparisons with Platycerium 
to be instituted below. 

In the case of the fertile leaf of Cheiropleurici, the outline of which is 
simple and narrow, the fertile region has as a rule a marked midrib, while 
two thickened ridges mark the margins. The extensive soral area covers 
the more or less extensive tracts within these, right and left of the midrib. 
A transverse section of the fertile lamina then shows in outline as in 
Text-fig. viii. The difference between this and the sterile lamina is 
more apparent than real, as is seen if the vascular system is followed from 
below upwards. The petiole of a sporophyll shows at a middle level 
a condition as in (iii), and (iv) of the sterile ; but above that level, instead 
of the fused median strand dividing again, as in the sterile petiole, it con- 
tinues its fused course directly into the fertile lamina, where it forms the 
midrib (Text-fig. «, vii, viii). A comparison of the result may be drawn 
between this condition of the fertile lamina and that of the leaf-segments 
in Dipteris quinqucfurcala, or Lobbiana (Seward, i.c.. Figs. 18, 24; or 
Land-Flora, Figs. 343-5). If we imagine the branched sporophyll of 
either of these species represented only by a single segment, it would have 
substantially the vascular structure of the fertile lamina of Chdropteuria. 

The venation of the distal end of the sporophyll is worthy of note, as 
in some degree harmonizing the difference between that of the sterile and 
fertile leaves. The soral areas frequently slop short of the extreme tip, 
which may then extend for some distance as a narrow beak. It may be 
traversed by a midrib with lateral reticulate branchings; or it may show 
two marginal ribs, with reticulations between them. Or, again, various 
other irregularities may be seen, including loops of the main veins quite 
comparable with those often found in Dipteris. All these facts appear to 
harmonize with the idea of the leaf of Chcirepleurut being a webbed and 
simplified example of the fundamental type seen in iPatonia and Dipteris. 

Phttyeerium. 

As it will be nccc.ssary later to draw comparisons between Cheiro- 
flcnrui and PUtiyecrium, genera which have already been placed in near 
relation to one another by various writers, it will be convenient to introduce 
here certain facts relating especially to the vascular system of the latter 
genus. The similarity of the venation of the young leaves of Platyccrwm 
to that of Cheiropteoria and Dipteris has already been noted. Putting 
aside the remarkable dimorphism of the leaves in the genus, which is 
related to its epiphytic habit, the outline of the fertile leaves of Plofyeerittm 
is often very closely conform.ablc to that seen in the genera named. As an 


Compare Tansley, The Filicinean Vascular System, p. 85. 
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example, the leaf of P. Hillii shown in Fig. 6 might be very nearly match 
by the more complex leaves of Chciropleuria ; at the same time it is im ^ 
sible to miss the resemblance which they also show to so distant a tv ^ * 
Opkioglossmn palmatum (compare Land-Flora, Fig. 238, p. 436). 
to be noted that the leaves, both of Ptatycerium and of Chciropknria ajj 
of Dipteris, show the ‘ Venatio Anaxeti Accordingly, a comparison of the 
vascular system of their shoots should present points of interest. 

Miss Allison has lately described the vascular system in the rhiconie 
of certain species of Ptnlyci rium (New Phyt., vol. xii, p. 311, &c.). It 
found that in PL atciconie, one of the less robust specie.s, the vascular 



TkxT'FIo. 9, A, Sections of rhi/ome of Plalycerium akiconie, showing rs-lntion of iwo Itaf- 
traces to the ring of meristelesof the axis. F.. similar sectiuiisfrv-«\ I'Miy. cnuui aii/'ihfuin'i. .'liowiii" 
the greater coraplexity with numeronsiiie'htllary strands. After Miss Allison. New l“ii)it)Ut..;isi, 1914, 

system of the axis is a simple dictyostele, but very highly perforated (Text- 
fig. 9, a) ; on the other hand, in W. aethiopiatm, one of the most robust 
species, there is in addition a very complex medullary .system (Tcxt-fig. 9, Bl. 
As Miss Allison has pointed out. a comparison may be drawn with Mah'/ii.t 
and Dipteris thus : ‘ Anatomically Dipteris is relatively simple ; its simple 
solenostele is replaced by .several concentric .solenostclic cylinders in Malonn. 
In many other phyletic lines it may be seen how the solenostele becomes 
broken up into a dictyostele. It would be quite consi.stcnt with the 
structural facts here described, if we were to consider Plalyceriinii with its 
complicated dictyostele as the dictyostclic type of a scries of which Dipens 
and Matonia are the solenostclic types’ ( 1 . c., p. 321). This seems to be 
a very reasonable interpretation of the facts so far a.s known ; widespread 
‘ perforation ’ would be an important factor in leading to the conditions 
described for Platyceriuni. Moreover, the fact that such perforations do 
occur in the petiole of Dipteris Lubbiana and of Cheiroplcuria have a special 
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in this connexion. If the modifications there seen were extended 
■”to the solenosteles of the type of Diptcris, the state seen in the axis of 
p/ akuorne would be the result ; or into the axis of the type of ilatonia, 
tncthing iihe what is seen in PI. aethiopiemn would appear. 

It has already been noted that in the young leaves of Platycerimn the 
leaf trace consists of only two strands. Rut in the mature state the trace 
comes off from the dictyostele of the axis as a number of distinct strands 
IPI olcicorne), while in the more complex case where there is a medullary 
s stem in the axis, this also takes its share in the organization of the trace 
(/>/. aethiopicum) [New Thyt., vol. xii, p. 317]. The constitution and further 

1 



behaviour of the trace as it passes upwards into the leaf has been followed 
in the case of PI. Hitlii, a form nearly related to Pt. okiconu. The actual 
leaf examined was one of the fertile type, as shown in Fig. 6. Externally 
there is in the .stalk an appearance as of a single central strand, or midrib, 
which throws off smaller veins right .and left. But transverse sections show 
that the midrib is traversed not by one strand, but by a number of them, 
disposed in a circle (Text-fig. 10); and the condition is not unlike that 
seen in transverse sections of the leaf-stalk of Ophioglossnm palmatum 

(Land Flora, p. 463, Fig. 259). , n . ^ n.. 

Starting from the base of the petiole, the strands are seen at is ^ 
disposed in a simple circle (Text-fig. 10, i) ; their number varies, owing to 
splittings and fusions, which extend even across the adaxial face of the 
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circle (iii-iv, v-vi, vii-viii). From this circle come off at intervals strand, 
of varying size, right and left. A comparison of Text-fig. io,i-xiii, illustrate 
the method, and the way in which these spread, with further branchings 
and fusions, to form the reticulum of the flattened wings. As these wings 
expand upwards, the midrib gradually diminishes, and its strands simplify 
in number and arrangement, till with final fusions of abaxial and adaxial 
strands (xii) the circle is reduced to a single plane. After this the reticn. 
lum follows the course easily seen from the surface view.^ There is some 
similarity between this arrangement and what is seen m Oplnogktsu,,^ 
pahmlum, in the fact that in both there is a circle of strands, with fusions 
across the frontal face. But the correspondence docs not extend into dclal 
and there is no correlative in Ophioglossum for the antcro-posterior fusion o( 
the strands of the circle itself seen in Platyccrinm. The facts point to an 
interesting homoplasy in two quite distinct epiphytic types. 



The SrOROI-IlVI.L in Matonia, Dipiais, Ckdrppkuria, AMi 
Platyccrimn. 

A comparative examination will now be made of the venation of the 
sporophylls in the Ferns in question, and its relation to their soral develop- 
ments. It will be , found that they form in 
a general sense a series, leading from simpler 
to more complex states ; and that so far a; 
this comparison is concerned, they form a 
rough sequence in the order in which they 
have been named in the above heading. 

The venation of the fertile leaf of .Valcm 
is known from the observations of SewaiC 
(Phil. Trans., vol. 191, Series 1!, p, i;;,, 
PI. 18, Fig. 23). The pinnules have a mid 
rib, from which veins come off at a wide 
angle. They show frequent, but irreguiat 
anastomoses. But the most notable of these, 
as they are also the most regular, are those associated with the isolated 
sort Fach of the latter is seated at the centre of an areola formed by 
• the lateral fusion of veins, while branches run radially m to the centre 
rvlrcre the receptacle is attached. At the base of the receptacle a tea 
tracheides may be seen, but they do not extend conspicuously into- 

' The condition of the fertile leaf of Dip/cris is also known from tbc 
description given by Seward arrd Dale (Phil. Trans., Series B, vo J 
See also Land Flora, Figs. 344-6)- In D. Lobhana the b.furcat.ng I n 
is narrower, and the sori are arranged in a more or less regular .stngic r 
on each side of the midrib, as in Gkickcnuu The venation r.s rcticuui, 


Text-fig. ii. Portion of a 
pinn.i of to show (he vena- 

lion, and its relation to the sorus. 
X 0. 
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■ h two linos of areolae, and partially a third one, on either side of the 
.'b Smaller twigs of vascular tissue extend into the areolae. Text- 
r I shows this, and the relation to it of the sori which remain on the one 
■je of the drawing, but have been removed on the other. Each sorus is 
* ated noar to the centre of its areola, upon a vein connected with it,s 
^ ar in vascular tissue docs not show any characteristic extension 

■ to the receptacle, which in its position and in its vascular relations is 
to that in Matonia. 

Much the same is the case with uiptens conjugata^ which is the 
broadly webbed species (compare Land h'lora, Fig. 346). Through 
d quinquefurcata, as explained elsewhere (Land Flora, p. 618), the transi- 
tion is seen from tlie simple arrangement of sori on a narrow leaf to the 
webbed condition with very numerous sori .scattered over its enlarged 
surface. But in D. conjugata the relation of the sori to the venation 
remains the .same (Text-fig. 2) ; each is seated at the centre of its areola, 
above a branched vein which is connected with the boundary of its own 
areola. Thus whatever may be the differences of the sporangia in size, 
number, construction, or development, the relation of the sori to the 
venation is substantially uniform, so far as observation goes, in the genus 


diptcris. 

But when we pass to Chciropkiirk, while the relation to the venation 
is still essentially as in Diptcris, it will be seen that an extension occurs 
which i,s important in facilitating a comparison further w ith Platyccrium. 
The fertile leaf differs from the sterile in being long and narrow, and 
upright in position. Its venation is the same as that of the sterile leaf in 
essentials, but upon a contracted plan ; so that the areolae are much less 
numerous, If an examination be made of the thinner area of the fertile 
leaf, right and left of the midrib, which the soral area .seems to cover entirely, 
and the venation be traced, it will appear as in Tcxt-fig. la. Clearly 
the method of venation is as in the fertile leaf of Diptcris, a.s would indeed 
have been expected from its similarity in the sterile leavc.s, old and young. 
But the important difference appears, that whereas in Diptcris the terminal 
twigs do not appear distended as wider storage tiacheides, this is a marked 
feature in Cheiropkuria. Here the endings form considerable tracts of 
xylem, composed of tracheides with a high proportion of bieadth to lengt , 
and these tracts may themsehes be considerably elongated, while t ey 
extend so markedly towards the lower surface of the leaf, on which t e 
sporangia and paraphyscs arc seated, that the distal tracheides lie very 
closely below the sporangial stalks, hurthcr, it may occasional!}' ^ 

(as at ‘x’ in Text-fig. 12) that these reccptacular extensions are not knited 
to a single areola, but pass in a lower plane than the limiting vein into t ' 
next areola, actually crossing the course of the vein limiting the ^ 

in a lower plane. This is not a very marked or fiequcnt featuic m tci 
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pkuria, though it may happen repeatedly in near juxtaposition, as is seen 
in the case represented in Text-fig. 12. But it provides the explanation of 
that state of the fertile leaves of Platyccrium, which, though described long 
ago by Hofmeister, and by Mettenius, has not yet been brought into line 
with other observations in Ferns. Mettenius, in his Filices Horti Lipsiensis 
(p. 26, PI. IV, Figs. 1^3), described the double vascular system which occurs 
in PUxtycerium. He showed how in the fertile region of this Fern fine 
branches spring from the vascular network of the normal leaf; these 
anastomose to a superficial network immediately within the lower surface : 
its meshes are elongated, and always much narrower than those of the sterile 
region, and only seldom give off free twigs. It is only this superficial 
network which bears the sporangia. Hof. 
meistcr, in his Higher Cryptogamia {F,ngl. 
edn., p. 252), described a similar condition 
in the circular or reniform nest-leaves of 
P. akicorni’- ‘ Their vascular bundles lie, not 
in one, but in two planes parallel to the .surface 
of the frond. These bundles form two many- 
meshed nets, one close under the upper side, 
the other immediately above the lower side 
of the frond ; the two networks arc united in 
many places by frequent ramifications, which 
pass through the mass of the frond in a trans- 
verse direction.’ In my Studies on Spore- 
producing Members, No. IV (Phil. Trans,, 
Series B, vol. 192, p. 86 ) the main results of 
these observers are confirmed as regards the 
fertile leaves, by examination of those of 
P. akkonic, Desv. The double vascular 
.system wa.s thus known to e.xist in the leaves, 
and especially in the fertile areas of Phtya ritmt. Also that the soral area.s 
were not indiscriminately spread over the leaf-.surfacc, but rc.stricted to 
more or less parallel line.s. This comes out most clearly in those cases 
where the fertile area is less prolific, and the leaf has the appearance 0! 
being only half fertile. Occasionally in these the sori appear quite i-solatc , 
and relatively short. It is such leaves as these which give a ready bass 
for comparison with what has just been described for Chempkuria. 

A semi-fertile area of Phlyccrium acthiopiemn of this character is 
shown in Text-fig. 13. The venation is of the /?r/>/r;-A-type, as it is in 
Plotycerium generally. The free twigs of the venation are clong.rted 
though more greatly than they arc usually in Cheiropleurw, and t icy 01 
downwards so that their distal ends approach the lower surface of the lea . 
Often each is restricted to its own areola ; but in not a few cases, on amv a 



TtXT-FiG. 12. Part oflamina 
of Cheircpliuria with two lar^e 
veins, showing the relation of the 
smaller veins to the patches of re* 
ceptacular storagd*xyleni. x, x, arc 
points where the receptacular storage* 
xylcm, in a lower plane, has crosse<l 
the limits of an areola of the vena- 
tion \>bich lies in a higher plane. 
X 6. 



Bower. — Studies i>t the Phytogeny of the Filicates. 513 

[jgt lower level in the mesophyll of the leaf, it extends past the limiting 
jif its own areola, thus crossing into the next. This is what has been 
to happen occasionally in Cheiropkuria ; but it is a much more pro- 
rt feature here in the partially fertile leaf of Platycerium. Still more 
”Tso in thn normal fertile area, as is shown in Fig. 14. Here the recepta- 
cles arc 


much more elongated, and occasionally branched, and follow a 


distinctly parallel course. 


Their connexion with the main venation is as 




Tuxt-FIC, i.v Pi'Tt of a lamina of 
mm itdhiofiam, which U onlv half*fcrtile, 
,e. \\\(h the >ori isokteii and small : for com- 
Itarison willi Fig. 12. x 3. 


Tkxt-fig. 14. A similar drawing from a 
fertile leaf of Phtyeriivu aujrdcnse. The position 
of the sori is upon the distal ends of blmrl veins ; 
these elongate and enlarge as in aayoplcuy\a, 
and pass to a loucr level in the me-ophyll ; they 
extend frequently across the limUs of the areola 
of tiie main venation which lies in a higher 
plane. X 5. 


before; but once they have pa.sscd into the lower plane m the tluch and 
fleshy leaf, they may extend to great length, and cross not one on ; but 
,.vcL areolae, and branch in their course. And thus there rs con Uu ed 
that second vascular system of the fertile area ’ 

The appearance in transverse section is shonn m P . - . , g- . 

A II'IaV, from wliich it is seen that the two vascular systems xt nd 
quite different planc.s, and that the reccptacular strands are m close relation 

to the insertion of the .sporangia. 

While we may thus feel a special interest ^ 

of the receptacle, and in the prolongation ol its tracheidal .s> s 
a sort of vascular system of its own, it may be reca led t at ^ d v 
.cent does not stand alone. In various types of I'"- ''f 

of the receptacle is liable to sprc.ad beyond the icstiic u 
tivc sorus. It has been seen how in SoceoLona the marginal ,sor. a.e isolated , 
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blit in Lindsaya they are laterally confluent ; the vascular system of thei, 
receptacles is there linked by commissures, so as to form a continuous 
strand. The origin of this state is by lateral spreading of the isolated sori 
of the SaccolomaAy^e. (Studies, III, Figs. 20 , 2 i). Similarly in (te 
Pterideae, as was long ago pointed out by Prantl (Englevs Bot. Jahrb, iij 
p. 403, &c.), while Pclhtea has the sori separate, at the distal ends of veins^ 
in Ptcyis they are confluent. The veins are linked by vascular commissures^ 
which are really lateral e.\tcnsions of the va.scular supply of the receptacle. 
Again, in Studies, IV, a strong probability has been advanced that the 
primitive condition from which the Blechnoid Ferns have been derived was 
that with isolated sori, such as are seen in Matieuccia intermedia. By 
lateral extension of their receptacles, and especially of their vascular systems, 
the fusion-sori typical of the Blechnoids was produced. It has also been 
shown (Ann. of Bot, vol. xxviii, PI. XXIX, Fig. 20/), that occasionally the 
tracheidal system of the receptacle in these Ferns may extMd separately from 
the conducting venation of the leaf, and pursue a course of its own in a slightly 
different (lower) plane. This, though slight in extent in the case quoted, is 
similar in essential character to the larger reccptacular extensions described 
for Platyccrium. And thus it appears that in a number of distinct phyla 
of Ferns, the receptacle, and very markedly the vascular system of the 
receptacle, is liable to extension. This may result in a mere linking 
together of isolated sori, as suggested by comparison of Matteucc;a with 
Btechnum, or of Pcllaca with Ptcris\ or it may lead to an extensive 
vascular system with elongated sori attached, as in Chciropleuna and 
Platyccrium. However peculiar the latter case may itself appear, the 
above comparisons indicate tli.at it cannot be held to stand absolutely 
alone. It may be held to be a specially pronounced example of a wide- 
spread phenomenon, viz., the extension of the individual sorus. 

The sori of the scries of Ferns at present under discussion show 
a forward progression in several features. The mo.st important arc, (i)lhc 
number of the sporangia, (ii) the order and time of their appearance and 
(iii) the extent of the receptacle which bears them. The number of th: 
sporangia in the sorus of Glcichcnia is small, though it rises in certain 
species, which arc on that and other grounds held to be m advance 
of the rest (Studies, II, Ann. of Bot., xxvi, pp. 274-5)- In dAitoiiu a.so 
the number is only from six to nine, and they arc individually large, and 
are produced simultaneously. In Dipteris the number may be arge., 
and the individual sporangia small. In point of order and time; of appear- 
ance of the sporangia, the simpler species correspond to the type e- 
Gleichenia, or Matonuf, this is so for I). Lobbuma, where the son a 
disposed as in these Ferns in a simple series on either side of the mw- - 
and the sporangia arise simultaneously. But in D. conjugata , 1 
broad-webbed leaf, the sori arc scattered over the enlarged sur ace, 
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mixed condition, as regards the order of appearance of the sporangia 
Flora, p. 6*l)' actually an ‘ Acrostichoid ’ condition, 

so*' eircumscribed, and the receptacles are quite distinct, 

in Text-fig. 2 ; and individual sporangia do not occur as a rule 
the area.s between the receptacles. In Cheiropleuria the venation is 

rtiat in ZJ.cw'wjrnfrt ; but the sori arc not circumscribed, They 
the same as rnai .n y * _ , 

merged into a continuous mass of sporangia and paraphyses, which 
the whole surface, the identity of the sori being completely lost. 
TlTspo'^^Sla are borne indiscriminately over the whole surface, and not 
1 at points above the vascular receptacles. Further, sporangia of very 
!”rfous ages arc found in juxtaposition, giving a pronounced ‘ mixed ' 
character to the whole mass (Text-fig. 1.5). Thu.s Cheiroplenrm is fully 
^Acrostichoid and non-soral, and 
jhows a marked advance upon 
the other types as regards these 

Platyccrium, on the other hand, 
is not truly ‘ Acrostichoid ’, though 
it has often been assumed to be so. [J M 

It has already been shown that the Oli u 

ertile patches of this genus are not --//I 

tontinuoiis, but that the sporangia U ^ // 17 

ire disposed along definite lines, []0 (j ' 

.rhich ate really extended sori (Phil. q/ 

Trans., 11 , vol. 19^’ P* They lie Transverse section of pari of a 

tihnvf’ thni^c vascular strands, which Icntle lamina of X fo* 


constitute in each case an clongsitcd , , * 

receptacle, and form collectively the lower vascular reticulum (sec Text- 
fio. I-,), The sporangia arc dispo.scd upon these in two more or Icss 
definite rows, one on either side of tirese elongated receptacles. Mmeoyer, 
the)’ originate for the most p.irt, if not wholly, simultaneously. Thus 
the fertile patches of Plaiyccrhm arc really composed of closely placed 
aggregates of greatly extended sori, themselves esscntiall;- of the t)’pc 0 
the Simpliccs. so far as the origin of tlicir spor.uigia is concemed. 

It thus appears from the facts adduced that the soral condition of the 
Ferns under discussion is referable in origin to a primitive state seen 
t)pically in Gkkhcma, with a single row of circumscribed son on eitliei 
side of the relative midrib ; and with few sporangia produced simultaneously 
in the sorus. It has been .shown (Studies. II, Ann. of Bot., xxm. P' 
that in (7. p,\iiwtta, by crowding of the soru.s. it had become nice lanieu ) 
inefficient, since there is not sufficient room for median dcln ccnce 

sporan^n;i. From this relief might be found (i) hy incica^in^^ t le ^ ^ 

the .n)oi-angial stalk. (2) by adopting lateral dcliiscciice, (j) by extending 
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the area of the sorus, or (4) by elongating the receptacle. Gleichenia dij 
not adopt any of these devices, but other Ferns did, and have succeeded. 
The Matonia-Dipteris-Cheiropleuria Scries has adopted the three first 
named, but not the last, for none of them have developed as Gradate types. 

Matonia itself retained the circumscribed sorus, but adopted a lateral 
dehiscence of its short-stalked, but large and few sporangia. In Diphn, 
the number of the laterally dehiscent sporangia is larger, their size smaller, 
their stalks longer, and the area of the sorus larger, especially as seen in 
D. Lohbuwa, and quinqucfuycnla. \n D. conjugaia the less size of the sorus 
is balanced against their much greater number spread over the webbed 
lamina. In Cheiroplcnria the laterally dehiscent sporangia are still longer- 
stalked, and the confluent sori are spread continuously over the Icaf-surface, 
giving a fully ‘ Acrostichoid ’ character. In Platyccrium, however, the sori 
are merely elongated, not confluent, the large number of the sporangia 
being accommodated by the extension of the area of their elongated 
receptacles. The latter types appear to have diverged far from the simple 
Gleichenioid source, which would hardly be recognized in them were it not 
for the intermediate states which some of them show, and also the comparisons 
which may be based on other characters. 

The SroRANGi.^. 

The sporangia of Matonia arc well known, and need no fresh descrip- 
tion (see Seward, Phil. Trans., vol. 191, P- ’71 I Studies, IV, Phil. Trans, 
B vol. 129, PI- 4 , Figs. 59-62, and Land Flora, p. ,565). But those 01 
Dipteris arc less fully investigated. They have been figured and described 
by Seward (Phil- Trans., vol. cxciv, PI. 48. Figs. 11-16) and by Miss Armour 
(Xew Phyt., 1907I. But these analyses were not exhaustive, and their 
development has never been fully traced. It will be seen that their seg- 
mentation gives an important line of comparison witli Charoplcuna. The 
-sporangia of Dipteris Lobbiann arc shown from their ‘peripherar side in 
Text -fig. 16, a, b, and it is apparent that the annulus is a complete nngo 
cells, though the induration of those opposite the stalk is incompletely 
carried out. A comparison may be made with a similar view of the sporaii 
gium of Gleichenia lincata (= 67 . dichotonia) (Land I'lora, p. 5, 15. Pig- .lid, 
which -shows similarity of form and of position of the annulus ; but there 
the induration is complete, and the dehiscence distal and median in 
Dipteris Lobhiana the dehiscence is obliquely l.ateral and, as the Ics.- 
fi<Ts. 16, a, h show, either right or left of the median line. The stomuim '' 
not well defined, a character shown also in Matonia and Gleichenia. 
stalk is short, and shows two rows of cclbs, as seen from the pcriphcn. 
side Fig. c shows a similar view of a sporangium already dehisced. 
Fig. 7 is a view from the ■ central ’ side, but with the annulus hidden on t r 
dehiscent margin. Again the stalk appears as two rows of cells, m 
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arance is shown from both sides, it follows that the stalk has the 
composition of four rows of cells, a point definitely demonstrated 
transverse sections. Text-figs. 16, e and /, show sporangia seen ob- 
■ ! from the side, the first from the side of the .stomium, the other from 

1 completely indurated side. From these various views the structure of 
DOiangium will be fully realized. The similarity of form, and in 
'ertain features of the annulus, to that of G. lineata is obvious ; but though 
Te annulus remains oblique, as in that Fern, its induration is incomplete, 




ThXT-FlGS. 16. IT-/. Vari.ius .1-pciti of the 5i.orins;i.i of I'ift.iis i.efitam. 
For (ksciiptifin ?ce lext. x fo. 


while the stomium has swung into a lateral position ; and the stalk is 
of a less complex construction. 

The sporangium of Lheiroplcnria is larger, and longei -stalked than that 
of Dipicris, but the general type of it is the same, a very di.-tinctive point 
of similarity being the four-rowed structure of the stalk. TIn.s « wear y 
shown by tangential sections of the soral area, in which the sporangia sta 'S 
appear densely surrounded by paraphyses (lext-fig. i;;')- , 

‘peripheral’ side the sporangium appears as in Text-fig. i/. u, associa e 
with paraphyses, which arc longer than itself until maturity is re 
The stalk shows two rows of cells, which become slightly constricted be ow 
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the insertion of the head. The latter has a continuous' series of cells of the 
annulus, but the induration is not continued past the stalk ; moreover, the 
cells opposite the stalk, which are thus thin-walled, are less regular ii, 
outline than the rest. Laterally there is a stomium which is in a position 
unusually near to the insertion of the stalk, that is, distinctly below the 
equator of the sporangial head. It is more regularly constructed here than 
in Dipkris, being usually composed of four cells ; this point is best seen in 
Text-fig. 17, r, which represents an oblique view, with the stomium facing 



d. c. 

Tr.xr-rios, 17, .r-r. Vnnons aspect- of the sporangia of OharepUtma, for dcwrii t:(.n 
btetext. X So. 

the eye. The ‘ central ’ side of the sporangium is shown in Text-fig. ij, 
where the constriction of the stalk just below the head is very marked. 
Here also the relation of the continuous annulus to the stalk is .seen, but 
it is best understood from Text-fig. 17, d, which shows from below tlie 
insertion of the stalk (shaded), and the way in which tlic 5erie.s of celu 
of the annulus extends, though with modified form and without full indim- 
tion, continuously past it. The details of the sporangia arc, however, no! 
rigidly constant ; thus the number of the cells of the annulus may rar) . 
such numbers as thirty-six, thirty, and twenty-six have been counted. 
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jioreover, it is not always equally clear that the 
the stalh. Such differences are natural, and 
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past 


annulus is continuous 
are even to be anticipated 


r , , ’ “ lo De anticinatPi 

i„ cases like the present, where, « hypothsi, the sporangium has underL 
modification from a more primitive type. ® 

For comparison with the above, the sporangia oi P!atyccriu,» have 
been examined, and a typical example is shown in 
Text-fig. 18, a, for P. aethiopkmn. One jjoint of 
difference is in the stalk, which here consists of only 
three rows of cells, as is clearly indicated by trans- 
verse sections (Text-fig. 18, b). The form of the 
sporangial head is more pear-shaped, and the annulus 
less clearly oblique, while it retains the lateral 
position of the stomium distinctly below the equa- 
torial line. Opposite the insertion of the stalk the 
annulus is drawn down into an acute angle, in ac- 
cordance with the pear-like form of the sporangium, 
and it is almost interrupted, but not actually so ; for 
the rather elongated ccll.s on cither side do, as a 
matter of fact, retain contact, as is .shown by tiic 
dotted lines in Text-fig. 18, a. Comparing this 
sporangium with that of DipUtis or Chciroplama. 
it is seen to be of a more advanced type, as shou n 
by the thinner stalk, the more vertical annulus, 
and the almost completed interruption of it at the 
insertion of the stalk. 



a© 

b. 

Text*fig. 18, a, spo* 
rangiiim of Fktyitriim 
aithiopiam afi seen frooi 
the Side. transverse 
sections of iis stalk-, x So. 


DeVKLOP.MF.XT of the Si'OR.tNGIUM. 

Unfortunately the material of Ctuiropkurln did not, in age or in 
preservation, suffice for tracing the development of the sporangium fully, 
But the essential features have been observed, and a comparison may be 
drawn with the very similar development in DipUris umjugatn. The 
general features of the fertile leaf h.ivc been described above. If sections 
of the fertile region be examined, the flattened expansion is found to be 
relatively thick, and it has a spongy texture of the mesophyll towards the 
upper surface. The mesophyll is traversed by two dl.-tinct types of vascu- 
lar tissue ; first, the normal venation, lying in a median plane, and with the 
small and compact strands clearly circumscribed by parenchymatous 
sheaths. Two of these strands are shown, right and left, in Text-fig. 15. 
ecoiidly, there are found lying between these, and closer to the lower 
surface, more lax strands composed of larger tracheides of the storage type, 
and without parenchymatous sheaths. These arc the rcccptacular endings 
veiu.s, which, as seen in surface view, arc liable to be greatly enlarged 
und elongated (Text-fig. ij). 


M ni 



520 Boiver. —Studies in the Phytogeny of the Filicales. 

The lower surface of the leaf is covered by the dense sorus, whij.), 
is not limited to any position above the veins, but is spread uniformly over 
the whole area. It consists of {<i) very numerous paraphyses, simple m. 
branched hairs, each terminating in a glandular cell ; [b) isolated siiorangia 
disposed with no definite regularity among them. The relations of these 
are shown in transverse section in Text-fig. 17, e, and in vertical section in 
Text-fig. 15. The sporangia are seen in the latter to be sometimes seated 
over the vascular tracts ; but they appear to be equally common in the 
areas between them. Further, as they are not disposed in any order of 
age, the soral areas are of the ‘ mixed ’ type. Thus there is a definite 
‘ Acrostichoid ’ condition of the sorus in Cheiropkuria, 

While young, the sporangia are efficiently covered by the paraphyses, 
which are taller than they. But as maturity approaches, the sporangia! 
stalk elongates, so that the sporangial head comes to be level with their 
ends, and^’can discharge its spores freely, while those which are younger 
are still protected below. This arrangement is closely parallel with that 
of the asci in any of the Discomycetous Fungi. 

The sporangium originates from a single superficial cell. In a large 
number which have been examined, the segmentation appears to show 
a regular cleavage of the segments in noo opposite rnvs. Naturally, those 
selected for drawing show these right and left, for thus they present the 
most definite appearance. The first of such segment-walls cuts obliquely 
down to the base of the squai-e mother-cell (Fig. 17, rt). The number of 
the cleavages does not appear to be constant (compare hig. 17, b-c). After 
the number of the cells in each row, either by primary cleavage or by 
subdivision, has reached four to six, the wedge-shaped cell which ocuipics 
the apex undergoes periclinal division (</), which is followed by further 
segmentations parallel to the last, giving rise to the tapetum, and the 
central sporogenous cell (/). Later development follows the course u,sual 
in Leptosporangiate sporangia. Meanwhile, subdivi.sion of the two rows 
of segments of the stalk by walls in the plane of the drawings has grven 
rise to the four rows of cells of the stalk, as seen in the later stages 
(Text-fig. 17, (/). 

The cleavages thus described arc so peculiar and exceptional among 
Leptosporangiate Ferns that it was thought well to compare them mih 
those seen in Dipteris, in which a like structure of the sporanguil stalk us 
been seen. Here again the storage trachcidcs of the receptacle he closciv 
below the surface where the sporangia are borne (Fig. i«, a). The spor.iiigB 
arise from single cells, which may here have an oblique base, and the ho' 
oblique segment-wall impinges upon that oblique face; thus the typro 
sporangium is from the first less robust than that of 
Alternate segments in two rows then follow, as in C/ieiropleuria. n 
to check the fact of this alternate segmentation, sporangia were examine 
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Iso itotn the side facing one of the rows of segments, instead of taking 
them in profile. Such a view is shown in Fig. 18, b, the appearance of which 
i consistent with the segmentation by two alternate rows of cleavages. 
Transverse sections also bear out the correctness of the conclusion (Fig. 18, c). 
miss Armour has already shown (New Phytologist, 1907) that in these sori 
jjjg sporangia are not all of the same age, and Fig. iH,a and c, confirm this. 
Some are found to show only two cells, corresponding to the two rows of 
ments ; others have undergone subdivision of the segments, and show 
aftlie result the four rows of the mature stalk. 

Jt is dear from these observations that ‘Dipteris ' and ' Cheiroplenria ' 
t,.ovide a new and distinct type of segmentation of the Fern-Sporangium. 
The similarity which these genera show in other features, when taken to- 



Tfst kius. ig, a-j. .Scpntnlation of young sporangium of.'/tVJ-nv. a, f arc two lateral 
views, at right aiiglui to one ancHlier ; f, ./ show the sponngial hcari tn transverw sec ton ; £ t 
1 transverse section of the spotangial stalk; /, a transverse section of an okier sporattgial head . 
^ shows a sporfin;4iuni of the a^c of c. </, seen laieially. x joo. 


gethev with their similarity in this rare feature, forms a contincing body of 
evidence of their real affinity. 

The only other type of Fern which has been described as having 
constantly four rows of cells of the sporangial stalk is Metaxya (.Ann. of 
Bot„ xxvii, p. 447 , 1 ’l. XXXII, Fig. 8). The detail of segmentation of the 
young sporangium, as viewed from above, was not looked into when the 
plant was being investigated ; but it will be seen at once that Figs. 3, 6, on 
the plate quoted, show numerous segmentations, as seen from the si c, 
which would accord with a two-sided segmentation. Fresh observations 
were therefore made yvith the results shown in Te.xt-figs. 19, 'f 
drawings a, b show sporangia in which the cap-cell has not yet een 
formed, from points of view at right angles to one another, m a, t 

.M m 3 
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wedge-shaped cell from which segments have been cut ofif right and lc|t 
is seen on edge ; in 3 it is seen from the side, and the segments themsclvc^ 
have divided into equal halves, thus giving the four-rowed structure of tlif 
stalk, as seen in e when cut transversely. In c, rf, which show views fio,, 
above, the two-sided .segmentation is clearly demonstrated ; while in ^ 
the cap-cell has been cut off, and has already divided. Thus the scgincnta. 
tion of the sporangium in Metaxya accords with that of Cheiroplewia ajj 
Dipleris. It has been shown that Metaxya on comparative ground.s nuy 
be held as related to Lophosoria, and be regarded as a Gleichenioid dcriva. 
tive. Dipteris and Cheiropleuria have probably a similar relation, and all 
the three genera correspond in this uncommon feature of the two-rowed 
segmentation of the sporangial primordiiim. 

Lastly, for purposes of comparison, a section of the fertile region of the 
leaf of Plaiycerinm is represented in PI. XXV, Fig. i 6 . Here theleafis 
thicker than in Cheiropleuria, and the sort are localized above the recepta. 
cular strands. It is clear from the section that the latter run here in a plane 
much nearer to the lower surface than the strands of the regular venation, 
In Cheiropleuria (Text-fig. 15) the difference of level between the rccepta- 
cular strand and the true venation is only slight ; but here, in Fig. id, 
strands of the two systems are .seen diiectly superposed, and several layers 
of cells intei vcne between them. This is in accordance with what has 
been stated above (p. 512), and with the drawing of Mettenius (Filices, 
Hort. Lips., PI. 4, Figs. 1-3). It may also be noted that the three 
sporangia shown in Fig. 16 are at approximately the same stage ol 
development, though that which is median is slightly in advance of the 
others. This is characteristic for Platycerinm. The origin of the .spoi anjia 
is almost simultaneous, but slight differences of time may be observed in 
them. 

C(OMf.\RIS(tNS .\M) CoNCI.U.SION'.s. 

It will be evident from this detailed description of Cheirofilcv.m, 
incomplete as it is, and entirely' deficient as regards the gametophyte, that 
the genus is one which has a special comparative interest ; and that 
the interest lies, not only in the location of the I'ern in its own probabk 
phyletic position, but also in the demonstration that it bring.s of the 
divergences from strict parallelism, in respect of the various characters 
which are used as criteria in such comparisons. It is only when such 
divergences arc fully taken into account that a correct valuation can be >ei 
upon the method of phyletic study, based upon such comiiarisons, and ol 
the conclusions which follow from them. 

The first question will be as to the probable phyletic position oi 
Cheiropleuria, and e.specially its connexions downwards in the scale. Iheir 
may follow the question of its probable relations upwards, with form? still 
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(iiorc advanced than itself. There can now be little question of the relations 
ijf Chdfopleuria downwards. Its nearest aflinity is with Diptcris, and less 
closely witli Matonia. This is shown by the similarity of form of the .shoot, 
and of the dermal appendages. The form of the lamina, and especially of 
those variants of it which have more than two cusps, and the venation also, 
link it clearly with Dipteris. The steps towards a webbed character of the 
lamina seen in D. Lobbiana, quinquefHrcatei, and coujugaia lead, in a manner 
which cannot be overlooked, to the more complete integration of the lamina 
js it is seen in the onc-cusped type so frequent in Cheiroplenria. This 
conclusion is also borne out by comparison of the outline and venation of 
the leaves of young plants of Diptcris. 

In venation, the types of Gleidmia, Utalonia, Diptcris, and Cheiro- 
pleuriti form an interesting sequence. In Gleichcnia the venation is open 
throughout, thus showing a state which is usually held to be primitive. In 
Malmia there are occasional vein-fusions, especially in relation to the 
sorus. But in the narrow-leaved species of Diptcris such fusions are so 
frequent as to form a reticulum, while in the webbed species D. conjugata, 
the type is that of ‘ V^enatio Ana.xetl ’. This venation is characteristic also of 
Ckiroplcnria, as it was also of the fossil genera, Diclyophyllum, Ckthroptcris, 
and Hausmnnia (see Seward, l'o.ssil Plants, vol. ii, p. 3H0, &c,), which have 
been referred to the Diptcridinae. Thus, as regards the venation, Gleichcnia 
corresponds to the type prevalent in the Palaeozoic Period ; Matonia takes 
a middle position, and the Diptcridinae show a venation characteristic of 
Mesozoic or later periods. Cheiroplenria is, as regard.s this character, as 
recent as any of them, notwithstanding the primitive structure seen in 
its axis. 

The Matonioid Ferns, including the Diptcrids, liavo been habitually 
regarded as Glcichcnioid derivatives (Land Flora, pp. 62:, 623). But 
hitherto the anatomical conditions have not materially helped this com- 
parison, for in the mature state both Matonia and Diptcris have advanced 
solenostelcs, while Gleichcnia shows in most of its species a protostelic state. 
It is here that Cheiroplenria comes in as a synthetic link. The comparison 
of its protostelic a.xis with that of Gleichcnia (I'igs. f)-i2) is very striking. 
Similarly its leaf-trace comes ofl at first as an undivided stiand, though its 
early division into two indicates a state advanced beyond that of any 
Gleichcnia, or indeed of Matonia. But it shows some similarit)’ to what 
is seen in Diptcris Lobbiana, which is even more advanced in the division 
of its leaf-trace ; for it there ari.scs as two or even four distinct strands 
(Text-fig. 6). 

As regards the protostelic stale of Cheiroplenria, it may be noted dial 
a similar protostcly has been found in the young I'lant of all of the iclated 
Ferns which have been examined. T hus UiciropUnria maintains to maluiity 
that primitive anatomical state which others have departed from early. 



524 Bower. — Studies in the Phylogeny of the Filicales. 

A minor character which also indicates a primitive state is that tt,j 
dermal appendages are all hairs. Flattened ramenta arc absent, thou 1, 
they may be found even in some Gleichatias. As compared with the hair- 
otMaimiia snA Dipieris, those of Cheiropkuria are simpler, and suggest that 
in this feature it is the most primitive of them all. 

The comparisons given in detail above have shown that, as regaidsthe 
sorus, Cheiropldtria is an advanced type. This is seen from its ' Acrosti 
choid ’ soral areas, and from the ' mi,\ed ’ condition of the sporangia. 
the comparison instituted through examimation of the vascular supply shons 
that the state seen in Chdroplcuria is relatively primitive compared with 
that seen in Diptcris and Matonia, though closely resembling that seen in 
Glddu nia. The sori of all of these are superficial, and Diptcris, with its 
variable soral conditions, gives the connecting clue between the simple state 
in Gldchcnia and Matonia, and the ‘ Acroslichoid ' state of Chdropluirk 
The arrangement in D. Lobbuxna is clearly conformable to that oi Matmk 
and Gldchcnia. The advance seen in D. qninquefiircaia leads, with the 
addition of the webbing of the frond, to that seen in D. conjngata, with its 
enlarged leaf-surface. Upon this the numerous sori retain their identity; 
but in Chdroplcuria that identity is lost, and the result is seen in the 
large continuous fertile patches. Such progression from a state with 
discrete sori to the merged, ‘ Acrostichoid ’ state finds its parallel in 
several other phyletic lines in Ferns. (Compare Annals of Botany, 
1914, p. 427.) 

In their sporangial characters Chdroplcuria and Diptcris arc closely 
alike. The most striking point of that similarity lies in the four-rowed 
stalk, which so readily results from the peculiar cleavage of the .spoiangial 
primordium by alternate segments ranging in two rows. The resemblance 
of the genera in a character so remarkable is the strongest possible evidence 
of correctness of the comparisons based upon other features. 

Taking all the characters together, the conclusion seems fully Justified 
that Chdroplcuria is a Fern of Matonioid-Diptcrid affinity. That while 
it has retained a primitive type of dermal appendages, and a vascular 
structure of its axis such as is seen in the presumable Gleichenioid ancestry, 
it has adopted a type of leaf and of sorus which are seen in the relatively 
advanced species of Diptcris, but has carried these features to a still more 
advanced state than is seen in any member of that genus. It is a striking 
example of the absence of strict parallelism of advance in the several criteria 
of comparison. But at the same time the incongruity of its characters iiiaiti 
it out as one of the most interesting .synthetic types to be found among 
living Ferns. 

Turning now to the relation of Chdroplcuria upwards in the scale, that 
is to forms which, though probably related, .show collectively charactcis 
of still further advance than Chdroplcuria itself does, these arc found 
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ecially in the curiously modified epiphytes of the genus Platycerium. 

[n Chdroplcnria a scandent tendency has been seen, though it does not 
near to have led to any definitely climbing or epiphytic state. But 
Platycerium has its shoot strongly modified in relation to epiphytic life, 
shown particularly in its peculiar leaves. Nevertheless, externally 
similarity to Dipicris and Chciropkuriu may be traced, not only in the 
outline of the erect or pendent leaves, with their regular bifurcation, but 
also in the venation ; and this may be traced even in the highly modified 
nest-leaves. Perhaps it is in the newly-described species, P. Sttmlmweitse 
„ 5p Christ (Warburg, Monsunia, i, 1900), that the similarity between the 
fertile leaves and those of Dipicris is the most marked. For there the 
narrow lamina is repeatedly furcate, so that the lacineae may number 
twenty on a single frond, and all are soriferous ; this is reminiscent of the 
simpler species of Dipicris. such as D. f.obbiana. The comparison already 
niade of the juvenile leaves of Cheiropkuria with those of young plants of 
irpUris and of Plalycerium supports the similarity still further, and it is 
apparent al.so in the mature leaves of D. conjugala, of Cheiropkuria, and 
even in some mea.sure in the nest-leaves of Plalycerium. 

But the anatomical comparison of the axis shows marked divergence 
of character in Plalycerium from what is seen in Cheiropkuria or Dipicris. 

hlettenius has shown, and Tansley' has quoted in his Lectures on the 
Filicincan Vascular System (p. 62), the axis of P. alckornc is highly dictyo- 
stclic, and perforated. There is, as a result, an almost simple ring of 
meristelcs, while the Icaf-tracc, with certain complications at its origin, 
comes off ab inilio as a number of detached strands (Text-fig. 9, A). 
Miss Allison (New Phyt., 1913, p- 3“) has recently published a descrip- 
tion of this with figures, and has also described the vascular system for 
l\ aethiopkum. In the latter the structure is still more complex, for the 
leaf-trace consists of still more numerou.s strands, while a large number of 
medullary strands are present at tlic centre of the axis (Text-fig. 9,B). 
A comparison of the structure of these species with the states seen in 
Monia and Dipicris suggests that the relatively simple ring of meristeles 
seen in P.akkornc finds its correlative in the simple solcnostcleofi 3 ;>Ar«; 
while the more complex system in P. aethiopkum, with the numerous 
medullary strands in addition, finds its correlative in the polycycly of 
Saknia. Imagine these genera with their solciiosteles profusely ' per- 
forated ’, and something very like the stem structure of the species of 
Plalycerium would be the result. Clearly Platyemiim, on such an interpre- 
tation, takes anatomicallya more advanced position XianDipU i is, or Matoma, 
and a still more decidedly advanced position than C/hii ophhi ia. 


, of GjuJiclund, by L. fnda>vo«t. Bull. Toirej Club, ^xii, 
.=i,« to return the oume Mei.rrmior, G.tmi., m place of flaty 


^ See The Gcdus .Uiuorniutn c 

Jyo6| p. 587, &c. Underwood desires to retain the i ^ . v 

(D-ium, Desv. Bnt I follow Christensen’s Index in retaining rhUyeertum as the i 
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But in respect of the venation in the fertile region of the sporophyli 
Chdropteurin is in closer relation to Platyccrium. It has been shown above 
how the receptacular strand in Cheiropleuria may pass, in a lower 
out of its own vascular areola, thus initiating an independent course of its 
own. The same may be found in Platyccriuin, though here it is on a larguf 
scale ; and it leads to the formation of that second vascular system described 
by Mettenius, which spreads in a lower plane, between the main system of 
the leaf and the sori themselves. This condition is so exceptional amono 
Ferns that the degree of correspondence demonstrated between Chem. 
pkuria and PUUyccrinm, in this respect, gains thereby additional weight, 
It may therefore be held that the points of similarity seen in their leaves go 
far to outweigh the differences of stelar structure in the stem between these 
two genera. 

In its dermal appendages — whether the flattened scales of its rhizome, 
or the stellate hairs which cover the young son—Phtycermm shows an 
advanced condition. But the sorus itself, though the receptacles are greatly 
elongated, are still not typically ‘ Acrostichoid as in Chfiruplcurk ; each 
though prolonged, maintains its individuality, while the sporangia originate 
almost simultaneously. The sporangia themselves have the usual three- 
rowed stalk, and the annulus is more definitely interrupted than in Diptaii 
or Cheiropleuria. 'I'hus sorally Platyeerium shows a curious mi.xtiire ol 
characters, some hi advance of those of Cheiropleuria, others, and espcciall) 
the distinctness of the .sori, being more primitive. 

The .sum of the features noted in the above paragraphs appe.ars ti 
place Platyceriuui definitely in phyletic relation to the Matouia-Dipuh. 
Series, as a form probably derived from such types, but curiously specialized 
and perhaps its high degree of specialization to an epiphytic habit ra.i) 
account for the strange mixture of its characters. The anatomy of it 
stem relates it rather to Malouia and Dipleris ; but its leaf, and its soral 
state points to Cheiropleuria. It may probably be held not to have been 
actually derived from any one of the living genera, but rather as a curiously 
specialized form, sprung from some extinct Matonioid or Diptcrid which 
had a relatively advanced vascular structure ; and that the soral system 
became specially enlarged, thereby giving a high spore-output, advantageous 
as an offset to the difficulties of an epiphytic habit. 

The question remains whether any other Matonioid-Diptcrid deriva- 
tives may be recognized among living genera. This question cannot be 
answered satisfactorily without much further comparative study. But it 
seems probable that others may actually be related. For instance, /.v//u- 
chilus tricuspis was placed close to Cheiropleuria by Sir W. Hooker. 
Neocheiropleris also is probably related, as well as some others ranked 
at present as species of ‘ Polypodiitm '. A careful comparative study ol 
such types, upon which I have already entered, would go far to decide what 
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be at present no more than a suggestion of a possible relation of other 
livin" group under consideration. 

It vvould thus appear that we may have in some measure to revise the 
current view of the Matonioid-Dipterid phylum. They arc commonly held 
[0 have been a series of Glcichenioid origin, which was prevalent in the 
Mesozoic Period, but struggled on to the present time only in the surviving 
ra Matonia and Diptcris. There can now be little doubt that Ctieiro- 
tlcurM must be added to these surviving types, rvhile Plaiycerium can hardly 
be anything else than a highly specialized Dipterid, related especially to ’ 
Ckeiroplcuria, and adapted to modern life under the peculiar conditions 
of epiphytism. And it is possible that other derivative forms may be 
ultimately added to those modern representatives of a very ancient sequence. 

Finally, if the position ascribed be accepted, the case of Cheiroplcuria 
will have its value in showing that, in special cases, a want of parallelism of 
the several criteria is to be recognized and even expected. Many cases are 
already known. For instance, the single initial cells in stem and root of the 
Eu-sporangiate Ophioglossaceac, and the massive dermal appendages on 
the leaf-base of the primitive Gleichenias ; the reticulate venation of the 
Eu-sporangiate Kivilfiissui ; the high subdivision of the vascular tracts in 
the living Marattiaccae ; the protostelic .structure combined with advanced 
gradate sori of the Hymenophyllaceac. Hut such instances of the absence 
of parallelism in the several criteria are relatively .slight compared with the 
glaring fact of the primitive protostely, and simple hairs accompanying 
in Ckdi-oplairio a mixed sorus of an advanced ‘ Acrostichoid ’ type. It is 
this strange collocation of characters, which comparison marks out as 
incompatible elsewhere, that givc,s to ClkiivpIeurM its special interest and 
value in relation to the phyletic study of the l-ilicalcs. 


SUMM.tKV. 

t. Chchopliuno bhuspis ( 111 .), Trcsl, is the only known species of 
a substantive genus. 

1. It .sliowB an uncommon mixture of primitive and advanced characters, 
by which it takes a place phylctically as a synthetic form. 

5. Its character.'^, external and internal, connect it downwards most 
dearly with Diptcris ; and upwards, that is in the direction of more advanced 
specialization, with Platyccrium. 

4. Its simple hairy investment, protostelic axis, undivided leaf-trace, 
and its frequently bifurcate form of leaf, are relatively primitive characters. 

.> Its reticulate venation and its 'Acrostichoid and ' nii.xed sorus ate 
characters of relative adv.ance. 

d. The occasional extension of the reccptacular v,a.scular supply of the 
individual sorus beyond the single va.scular areola givc.s the clue to the 
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state of the sporophyll in Platycerium, with its double vascular system in 
the fertile region. 

7. Its slightly oblique annulus, four-rowed sporangial stalk, 
alternate segmentation of the primordium, form a peculiar link witk 
Dipteris, which is shared also by Metaxya. 

8. The mixed characters which this Fern shows arc one of the clearest 
examples of non-parallelism of progression in the several criteria used for 
comparison among Ferns. 

9. The outcome of its comparative e.xamination is to strengthen the 
relation of Dipteris and Matouia to some Gleicheniacious source. 

10. It shows that probably Platyccrium is also a Dipterid derivative, 
specialized for an epiphytic habit. 

11. Probably other Dipterid deriv.ativc.s will also be found on detailed 
study, in such forms as Leptochilus, Seocheiropteris, and some others. 

12. Thus the representation of Matonioid-Dipterid derivative.s anionj 
living Ferns appears to be more extensive than had been hitherto 
appreciated. 


EXPLANATIO.\ OF FIGURES IN PLATES XXIV AND .\XV, 

Illustrating Proftssor Dowtr’s PaiKir on Chetropktoia biiUfpis (Bl.) Preil, and allit-d g.acra. 
PLATE XXIV. 

Fig. I. Specimens of Cheirophuria {'icuspis (Bl.) Prcsl, from the Lingga Mountains, BoiDeo, 
showing the general habit, the one-cusped and two-cusped sterile leaves, and one narrow fert:'.« 
leaf. Reduced to 5. 

Fig. 2 has been placed at the top of Plate XXV. 

Fig. 3. Two sterile leaves of the bi*cusped as shown in Hooker’s Figure, Journ 
Botany, 1846 ; also one fertile leaf. Reduced to 3. 

Figs. 4, 5. Specimens with Irregularly furcate leaves. Reduced to 

Fig. 6. A leaf of Platycerium Hilliiy Moore, for comparison with Figs. 4 and Kcikicedto^, 

Fig. 7. Instead of this there has been substituted Texl-t'ig. r, which see. 

Fig. 8. Transverse section of the protostele of Glckhcnia limarit, Clarke ( - G. diihiofom-x, Hk,’, 
from a section by Professor Gwynne-Vaughan. x 30. 

Fig. 9. Transverse section of the protostele of Gieicktiita Jiabdlala, R. Hr., from a scciion ly 
Professor Gwynne-Vaughan, taken at a point where a leaf-trace is being given off. y x 30 . 

F ig. 10. Transverse section of a protostele of Cheiropkuria, showing a leaf-trace king 
off from it. x 45. 

Fig. II. A similar section of Cheiropicuria, showing the leaf-trace completely separated. It 
two internal protoxylem-gronps, with the metaxylem surrounding them completely a conuition 
which holds only for a short distance, x 30, 

Fig. 1 2. Transverse section of a young.steleof Cheiropkuria, showing the absence of proto.'vvhiDi 
except in the young leaf-trace, while metaxylem tracheides arc dcYeloping simultaneously, sc.iUerci 
through the whole area. X 45. 

Figs. 13, 14. Transverse sections showing the leaf-trace on its outward course, and bcgimiins 
bifurcate, x 30. 

Fig. 15. Transverse section of the stem of a seedling of Dipteris fonju^nuiy Keinw, diui'Ts' 
a protostelic state, x 45. 
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PLATE XXV. 

fig. i. Drawing by Mr. J. M. Thompson of a rhizome with the superficial hairs removed, so 
to expose the successive leaf-bases, which are numbered /.-i to /.-viii, and the later.al axes which 
^inc from their bases {ax. i, to ax. iv). 13 ut the leaves iii, vi, vii, viii have no associated axes, 
rhe leaf-arrangement is alternate, and the shoot is seen from the side facing away from the support. 


fig. 16. Transverse section of a fertile leaf of Plalycerium IVilHnkii, Moore, showing strands 
belonging to the two vascular systems: the strand nearer to the upper surface belongs to the main 
■ tern of the lamina, that nearer the lower surface is a receptacular strand, x lOO. 

fig. I7,a-r. Stages in the development of the sporangium of a, b, c show the 

alternate cleavages of the primordium to form two rows of celts of the stalk; d sbosvs the formation 
of the cap-cell t e shows the beginning of formation of the tapetum: /shows the tapetum com- 
lete as two layers surrounding the sporogenous cell, x 250. 

Kig. development of the sporangium q( D ipleris. a shows a young soius of 

j) lobbiafia, bearing two hairs, and two sporangia. The receptacular tracheides are closely below 
ihe surface, and are of the large storage type, b shows a sporangium of D. conjugala seen from 
the side facing one of the rows of segments, and demonstrating how each segment divides into two 
jglls which together with the results of division of the segments of the other row form the four rows 
of cells of the sporangial stalk, c represents transverse sections of similar sporangia of D. conjugala, 
showing some stalks— -the younger, with only two cells ; others, the older, with four cells. In one 
sporangium there are only three, one segment having divided and the other not. x 325. 
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I. Sources of M.\tekial, .\.\d Acknowledgements. 

T lll'^ scries of preparations of KM/iic/'ti'i ts n/iadn'i'a upon which 
the following description is mainly based, were handed to the writer 
b)' I’ruf. F. W. Oliver, to whom grateful acknowledgements are due, not only 
for the material, but for the opportunity to cany out this investigation 
at I niversity College, London. 

The writer also desires to thank I’rof. F. F. Weiss, through whose 
kindness some valuable evidence has been obtained from the slides of 
the Cash and other collections, at Manchester University; Dr. A. Smhh 
Woodward, for permission to examine and make drawings from the 
Williamson and General collections, at the British Museum ; Prof. A. C. 
Seward and Dr. E. A. N. Arber, for similar opportunities with regard to 
(Annals of Botany, Vol, XXIX. No. CXVI. October. 1915.I 
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the Botany School and Binney collections, at Cambridge ; Dr. W, 3 
Gordon, for the loan of slides, and for helpful discussion Miss T, I, 
Prankerd, for very kindly lending preparations and material of Hottonk 
patus/ris and H. inflata \ and other friends who have supplied literature, 
and material of recent plants for comparative purposes. 

II. Distribution and Horizon of R. cylindrica. 

The distribution of Rachioptcris cylindrica appears to be rc.strictcd 
to the Halifax-Huddersfield area, where it occurs in the Halifax Hard Bed 
of Lower Coal Measure Age.' 

Williamson, who originally described the species in 187H,'' remarked 
that he had never discovered it in the Oldham nodules ; and a search 
through various collections comprising both old and recently acquired 
material has failed to reveal a single authentic specimen recorded from 
any other locality than that mentioned above. 

In the case of a few specimens in the Williamson and Manchester 
collections no locality is given, but the general aspect and colour of the 
plant tissues indicate that this material also was obtained from the Halifax 
Hard Bed. 

R. cylindrica is found in the nodules of the coal seam, and its excellent 
preservation suggests that it was petrified more or less in situ. The outer 
layers of the stem, it is true, are frequently somewhat crushed and eroded, 
but not more than is to be expected from compression and contact with 
other plant remains during turf formation.' In other cases, the outer tissues 
of the stem, with delicate hairs, are well preserved. 

Doubtless, further working of the coal strata will extend our knowledge 
of the occurrence of R. cylindrica^ but the material at present atailable 
indicates that this plant had a localized distribution. 

III. Detailed Description of the Organs of R. cylindrica. 

An idea as to the structure and morphology of Rachioptcris cyhndncj 
is drawn from the certair. evidence of direct connexion between stems, 
roots, and primary petioles ; and from the suggestive evidence of mote 
or less constantly associated axial structures, and sporangia of hern type 
The first class of evidence, owing to the favourable preservation of the 
material, may be considered in detail, 

' See Geological OrJnance Survey Map, No. S8 N.E. 

“ Williamson, W. C. : On the Organization of the Fossil Plants of the Coal Measiins. n “ 

Phil. Trans. Roy. Soc., B, vol. 169, 187S, p. 319. .Seep. 351. 

» Slopes, M. C., and Watson, D. M. S. ; On the Present Distribution ami Origin M ^ 
Calcareous Concretions in Co.al Seams, known as ‘ Coal Balls ’. Phil. 1 fans. Roy. Soc. , U, ' " ■ ' 
1908, p. 167. See p. 173 
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I. Sleuts} 

i. General description An examination of the serial sections of 
P cylindrica gives the impression of a slender plant, the stems of which 
^ay have been prostrate upon the ground, or semi-erect, supporting them- 
selves upon the surrounding vegetation.® These stems branched dichoto- 
moiislyMPl- XXVI, Figs. 5, 8, 9; Text-figs. I, 7, S) or produced leaves* 
(Pl XXVI, Figs. 6 and 9; Text-figs. 8 and 9) at variable but fairly infre- 
niient intervals, so that the habit of the plant must have been somewhat 
Ijx" (See Text-figs, i and 8, in which the length of stem represented is 
indicated.) The relation of leaf production to dichotomy is variable ; 
usually there is an interval between the two processes, although a leaf 
may occur in close association with a branch, as shown in Text-fig, 8. 

Slender roots occur— usually singly — at or near the points of branching 
or leaf production (PI. XXVI, Figs. 8 and 3). 

The stems of R. cylindrica arc circular in transverse section (PI, XXVI, 
Fi®s. 1 . nnd 4), their average diameter being from a to 2-5 mm. The 
single central stele possesses a cylindrical core of wrxxl (PI XXVI, Figs. 1-4), 
surrounded by phloem, in which the sieve-tubes are often distinct (PI. XXVI, 
Fi<r, 2; PI. XXVII, Fig. 4; Text-fig. j) ; a somewhat irregular layer of 
cells, usually darkened, separates the stelar tissues from those of the 
cortex, and may be considered as an endodermis (I’l. XXVI, Fig. i ; PI. 
XXVn, Fig, 4). The wood may have a single protoxylem group ' (PI. 
XXVI, Figs. 2. 3, and 7 1, in wliich case the structure is ccntrarch, or 
typically cndarch ; or tliere arc from two to five groups (PI, X.XVI, Fig. i ; 
PI. XX\TI, Fig. 4 ; Text-fig. 2), when the structure tends towards mcsarchy, 

^ For ]Tenous rererences sec — 

Willumfion ( 78 ), j)p. 350, 351 ; PI. 24. Fii;5. S0-S5. 

nick, T. : Oil Kiuhioflcris iyiiujnm. Will. Mem. and I'roc. M.iDchesteT Lit. and Phil. 
Snc., vol. 41, 1S96, p. I, I'l. L 

Tansley, A. G. : Lectures on the Lvolution of the Filkinean Vascular Sy>tcm. New Fhyt., 
Rcjirint, 1908. See \\ 14 and Fig. 4. 

Browne. Isabel : The Plivlogeny and Inter-relationships of the Ftcridophyla. New Phyt., 
Reprint, 1908. See p. 57. 

Scott, D. II, : Studies in Fossil Botany. Second Kdiiion, 190S. See p. 

Seward. A. C. ; Fossil Plants, vol. 2, 1910. See pp. 43S-40 and Fig. 30.*.. 

^ ^ei' p. 354. 

^ This term is nsed proiisionally and in a purely descriptive sense ; .as Dr. Lang ha& pointed out to 
the writer, it may be necessary to modify our views with regard to apparent diehotomy in these forms. 

* Till oughoiit the following account, the aeropeLal method of description U ailopted, as 
this ca.fio, the most convenient ; see Itooille, L. A. ; On Descriptions of \ ascular Siructures. e 
l'h\t., '.ul. 2, 1903. p. 107. This author justilies the use of the acropetal mtlhnd in descriptions 0 
‘Rms, which Imve a solid caiiline stele, or in which there are no leaf-trau^ showuij, U.r...t 
. indiviiiiulity id the internode for ‘ in this wny it is dearly seen whal i^rt of the sie e u con uiiio 
'' ilh the Icaf-lcacc ’ (p. 1 08}. 

" Taiisley (’ 08 ), p. 1 1; ; Scott (’ 08 \ p. 333- ^ ,,^^-11,.. 

“ That is, a group of small elements suggesting protoxylem ; they do not seem 0 pos 
ypical annular or spiral thickenings. 
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TEXT-riG. T. Diagrams of the stele; a series of sections taken through about i 
a stem showing the occurrence of the ccnlrarch condition above a place of branching. - J 

K r. /represent the larger of the two steles in K r, » and K r. / and show that the no 
protoxylem groups fuse to form a single endarch strand. In this and other diagrams ' '' 
shaded! and the protoxylem strands^are. indicated by.black dots; a broken line represents 
outline X 35. (Krom series K 21, stem B, University College, Loudon.) 
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the groups being arranged round the centre, sometimes at considerable 
distances from it.' The stele i.s surrounded by a cortex, usually showing 
j„„er, middle, and outer regions ( 1 > 1 . XXVI. Figs, i and a) ; the epidermal 
[gyer, when not crushed, is seen to bear numerous unicellular, or typically 
niulticellular hairs, often with somewhat rounded terminal cells (Text-fig. 4). 

This general description applies to all stems referred to R. cylindrica ; 
the stems, however, fall into two distinct group.s, representative types of 
which will be de.scribed respectively as ‘a and ‘/T. A discussion as 
to the significance of these two types will follow in .Section V.“ 

ii. a typed— '^'oc stems belonging to this group are characterized by 
the possession of large xylem strands, the average diameter of which is 
o.j mm. There arc typically several (two, or, more commonly, from three to 
five) protoxylem groups arranged round the centre (I’l. XXVI, Fig. i) ; the 
centrarch condition with one protoxylem group occurs (i’l. XXVI, Fig. 2), 
but it is comparatively rare, and results from the fusion of two or more 
croups (Text-fig. 1). The normal condition in stems of a type thus tends 
towards mesarchy, for the occurrence of more than two protoxylem groups 
is quite independent of branching,' as an examination of serial sections 
demonstrates (Text-fig. 7 )- 

The great interest of this type lies in the fact that the mesarch 
condition is accompanied in many cases by a certain amount of differentia- 
tion of the xylem ’ into an outer zone in which the lumen of the tracheides 
is of ordinary size (100 p in diameter), and an inner solid core, in which the 
trachcidcs are much narrower (Tc.xt-fig. 2 ; PI. XXVI, Fig. 1). There are no 
parencliymatous cells interspersed among the tracheides." The differentia- 
tion of the wood is particularly marked in the larger stems (Text-fig. 2), 
transverse sections of which recall tire condition seen in Diplolabis Romerid 
The protoxylem groups arc situated at the junction of the wide and narrow 
elements (Text-fig. 2), as m DipMMs. The size of the core of small clc; 
raents is very variable (cf. PI. XXVT, Fig. i, and Te.xt-fig. 2) ; it is dependent 
on the size of the xylem strand as a whole, on the number of protoxylem 
groups 'present, and on their distance from the centre of the strand. 


‘ wall levard to Ihis Mint, c(. the statements of Williamson (7^}, p. Jjo; Hid (9b), p. ■ ; 
Tmsley ('OSl, p. l s ; Scott ^08), p. 3 . 1 J ; Utown (-Os', p. ?7 ; Scaard CIO), p. The eeiiera 
view is tlml 4’. cylMriu, is typically cn.latch ; Hid noted the ftciuent pte^-nce ol font oi five 

pi utueylcm groups arranj^ed symmetrically round the centre of the sick, blit ay sa 

ilic first author to comment upon this tendency towards mesarchy. 

^ Williamson based his onijinal description upon this type. p- 35°- 
andS-, ' « a Browne (0?), p- 5r- 

‘ Gordon, W. T. t On llic Kchtion Ictwe-en the Fossil Osmunihceac .and the Zjgopterldcae. 
I’loc, Cambridge I’hil. Sue., vol. 15 , Bt. 191 O 1 B- 39^- 

’ Gmdtii^^w!’'-?; 1 On the Stntctnm and Aillnities of Difto;.,.,. odntm ;Solms). Trans. 
Roy.Soc, lidin., vol. 4J, Ft. IV, loll, p. 7”- S'" P' 
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Stems of a type are further characterized by the structure of the cortex 
which presents three areas, though these are not always distinctly recoonh 
able, owing to the tendency of the outer cortex to become crushed^and 
eroded (PI. XXVI, Figs, i and a). 

The cells composing from three to six of the innermost cortical layers 
are somewhat rectangular and tangentially elongated as seen in tran.sverse 
section. They have thick walls, and the layers arc often arranged more or 
less concentrically ’ in a manner more characteristic of roots than of stems 
(PI. XXVI, Figs. 1 and 2). 

The inner cortex passes gradually into the middle cortex, in which the 



Text-fig. j. A large a stem, io which the xylera is shown in detail. Note the distinct 
differentiation of the xyletn into large outer (.w.), and small inner (jr;.) tracheides. There arc live 
groups of tracheides {fx.) suggesting protoiylcm, situated at the junction of the outer and innii 
wood. The cortical layers (r.) of this stem are much crushed, x 40. (From slide IJSJ, Williimion 
collection.) 


cells are rather loosely arranged and are more rounded in transverse section 
than those of the preceding area (PI. XXVI, Figs, i and 2). They are 
irregular in size, and the thickness of their walls is slightly variable in 
different specimens. 

The outer cortex is composed of from four to twelve layers of .fairly 
large thin-walled cells (Text-fig. 3), and is thus markedly distinct from the 
middle cortex, forming a delicate tissue which is usually more or less 
crushed, so that the form of the component cells is unrecognizable (PI. XXVI, 
Figs. I and 2). The appearance of this zone suggests that it may have 
formed an assimilatory tissue comparable with that of the stems of 
Psilotum, or the ra'chis of Stauropteris? Occasionally the whole of the 

‘ WilliamsoD ( 78 ), p. jjo; Hick (’86), p. 3. 

• Scott, D. H. : The Sporangia of Stauroptaril oldhamia. New I’hyt., vol. 4, 1905, p. trp 
See p. 1 15. 

Bertrand, P. : fitades sur la Fronde des Zygoptcridees. Lille, 1909. See PI, VII, Fig. 4®' 
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cortex appears to be obliterated, and in these cases, the cortex 
js a whole presents a fairly uniform appearance, the rounded cells of the 
middle cortex being the most conspicuous feature. 

In longitudinal section the inner and middle cortical cells are 
elongated, their end walls being straight or oblique ; no specimen has 
been observed which gives a clear idea of the outer cortical cells in 

longitudinal section. 

In some specimens large cavities occur here and there in the outer cor- 
tex and particularly where this adjoins the middle cortex (PI. XXVI, Fit's, i 
jnd 5). Their general appearance suggests that they may have been 
secretory in function, though no trace of contents has been observed. On 



Trxt-fig. 3, The otiter layers of an a sU-m, just above a branch, showing the tliin-walled cells 
of the outer cortex and the irregular epidermal cells V/. still uncrusbed ; wa, middle conical 
cells. X 400. (From slide K lom, University College, London.} 

the Other hand, they may merely be due to breaking down of the cells 
before or during petrifaction. 

The epidermal cells arc rarely recognizable^ in stems of a type. In 
some cases, however, at a place of branching, the structure of the epi- 
dermis is well shown on the inner or ‘ separation ’ surface of both pro- 
ducts of stem division (Text-fig. 4, a and b). The epidermal cells are large 
and rather irregular in shape, as seen in transverse section, while in longitu- 
dinal section they appear to be slightly elongated ; frequently they produce 
nmlticellular hairs (Text-fig. 4, b and tr). 

A point of interest is the absence of the thin-wallcd cortical cells under 
the epidermis, in the region just above the separation of a branch (Text- 

4, 3 and b). These seem to develop gradually, becoming intercalated 
between the thicker-walled cells and the epidermis. Text-fig. .S allows 

‘ Hide ('%), r- 3- 
N n J 
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a stage in the production of the outer cortex just above branch separatio 
The large-celled epidermis is still distinct at this point ; no traces of stornjta 
have been observed. 

iii. /3 type . — The stems of R. cylindrica described and figured by Hid 
are, with one exception, referable to this type ’ ; the occurrence of the two 
forms is not specially mentioned by this author.* 

Stems of ji type are similar in size to those of a. type, but arc dij 
tinguished from them by the relatively small size of the cylindrical xylcm 
strand, of which the average diameter is 0-4 mm. This strand typically 
possesses a single central protoxylem group, so that a condition of true 
endarchy is realized (PI. XXVI, Tigs. 3 and 7). The occurrence of more than 
one protoxylem in this case seems normally to be in connexion with branch. 



Text-fig. 4. a. .Sejiarntion surface of an a petiole, showinjr the epidermis Uf.). Noteitie 
absence of the narrow, thin-wallcd cells underlying the ciii.lerinis (cf. Kig. t"). f, separation surftLC 
of an a stem, showing the irregular epidermis, and an ei.idermal hair \ h.). The n.arrow, tiiln-wnllcii 
cells are .ab^nt here also, c, a portion of an ol)Ii<|uc longitudinal section of an n stem, sliowis” two 
hairs of which the connexion witli the epi.lonnis cannot be obseryed. x So, (n, and frcjiiMKat 
K 2o»t ; r, from siide K at University College, London.) 

ing (Text-fig. 8) ; and apart from the narrow elements of the protoxylem 
group, there is no differentiation in size between central and outer traclicidcs, 
The elements are all of the type of the outer tracheides in a stem.s, .ilthcniah 
they are less in diameter (70(1) (cf. PI. XXVI, Figs. 1 and 8). 

The three cortic.al areas arc again distinguishable in type stems.' 

1 he inner corte.x is composed of two or three series of tangentially 
elongated cells (PI. XXV'I, Figs. 3, 8, and 9), the walls of which arc ftrrabu! 
not thickened to any extent. There is a varying tendency towards concentric 
arrangement of the inner cell-series, and the gradual ti an.sition to the middle 
cortex takes place as in o stems. 

The middle cortex consists of rounded or polygonal cells, thin-wailcd, 
and somewhat irregular in size. Near the inner limit of this area is a bind 

* Hick (’96) : the exception is figured in I’l. I, Kig. 5. 

’ Williamson figures and notes the two forms of stem ; his h ig. SR is a /9 type stem. 

* Cf. Hick’s description (’96), p. 4, 
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consisting of several cell-layers in which the elements are small and very 
loosely arranged (PI. XXVI, Figs. 3 and «). In some specimens this band 
of cells has become crushed (PI. XXVI, Fig. 9), in others it has given rise to 
radial lacunae (PI. XXVI, Fig. 4), the presence of which was noted and 
figured by Hick.' Beyond the lacunae, the cells of the middle cortex are 
larger, and tend to become somewhat radially elongated (PI. XXVI, 
Pigs, 3 and 7) ; the outermost cells of this area have slightly thickened 
walls (PI. XXVI, Figs. 3, 4, and 7). 

The outer cortical cells are apparently of the same type as those of 
a stems (PI. XXVI, Fig. 8), although they are usually much more crushed. 
Occasionally the epidermis, with numerous hairs, may be observed, but 
in these cases the thin-walled cortex is not developed. 

In longitudinal section the thicker-wallcd cortical cells are elongated ; 
the thin-walled elements of the middle cortex are shorter, having their 
end walls more or less horizontal. 

iv. Histolog}!.— The unusually favourable preservation of R. cylindrica 
permits a fuller investigation of its histology than is possible in many 
cases. 

The details of cell structure in a and ,i stems arc similar. The long, 
pointed tracheides are pitted on all surfaces ; and while the narrower 
walls present a typically scalariform appearance, the broader walls are 
leticulatcly pitted. The arrangement and extent of the pits may occa- 
sionally be observed in transverse section.- 

Thc smaller tracheides, considered as representing protoxylem ele- 
ment.s, are usually pitted in a scalariform manner,* instead of showing 
the typical annular or spiral thickening ; this fact suggests that the growth 
of the stems was not rapid.* 

There are a few scattered cells of xylein parenchyma, often with 
iheir contents preserved, and a continuous zone of phloem surrounds the 
xylem strand (Text-fig. 5). The phloem typically consists of a layer of 
large sieve-tubes accompanied on either side by narrow cells of phloem 
parenchyma. The sieve-tubes usually form a single series, and are as 
distinct in tran.svcr.se section (Text-fig. 5. st. \ I’l. .XXXIl.Fig. 4) as the 
corresponding elements in a living Fern, .such as Picruliiim or Marsilia.^ 
It has been impossible to obtain a clear idea of the phloem in longitudinal 
section, and a careful search has failed to reveal any trace of sieve-plates. 

' 1 . c. , FI. I, Fig, 1 rcpicscnti the stem in SU.le Q 104, Cash collection ; I’l. XXVI, Fig. 4 of 
ilic present .account is .n J.hotograph of the stem in .Sihic t^ 103, ent from the s,iine block .is Q I04. 

’ FI. XXVII, Fig. I shows the pits in transverse section in the case of a petiole. 

' Cf. Hick t’ 96 ’, p. 8; the saggestiou of spiral elements is very doubtful. Tausley , 0 S,, 
pp. 14 and 15. 

’ I’aiislcy f’OSX p. I ?, .Scott f'OS''. p. .try. 

' Hume, E. M. M. : The Histology of the Sieve-tubes of I'lohlium with somenotes 

on Mmsilia :juaJnfolii and Ly^odium diihcL'muvi. Anu. of flot., vol. rb, 1912, p. 5 j 3 . 
pp. .576 and J7P, and I’l. LV, Figs. 31 and 5J. 
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In some cases, sieve-tubes are not present, or the ring may be incomplete ; 
in these cases the phloem consists of a uniform zone of smaller, narrower 
cells.' On the whole, the ring of sieve-tubes is less marked in ^ type than 
in a type stems. 

In some well-preserved examples a clearly-defined continuous layer of 
cells external to the phloem may be considered as representing the peri- 
cycle' (PI. XXVII, Fig. 4); it is, however, frequently impossible to refer 
the outer tissues of the stele to a definite series (Text-fig. 5). 



TEXT-fiG 5. ,V portion of the stole ol .in o stem, showing the xylera (t), xyltm |imnchsm;i 
( t Atr 1 sieve-lnbes <Ti\ phloem p.-.rcnchy.na './//-/.o'.). The oute.most layer of cells l,s.) Wo e. 
to the 'inner cortex, having the typical rj.lially-conti.ressetl form, hniloilertiits .vnil pcrtcyclc ilo ml 
censWnte distinct layers in s^'ciuten. x 400. (Front slide K to k, hntvers.ty College, latndcn.,, 


There is some doubt as to the existence of a true endodermis in stems 
of R. cylindrica? The stele is usually limited by a somewhat irregular 
layer of dark-coloured cells, fairly thin-walled, and elongated both tan- 
gentially and vertically. This layer, particularly in « stems, sometimes has 


• Hick (- 06 ), p. notes the apparent lack of differentiation of the phloem cells, Intt aicnUolti 

that elements resembling sieve-lnbcs occur in specimen q 104. r„11eee colleclion. 

Tanslcy (' 08 ), p. 14, Fig. 4, shows siev^-tuhes in siieeimen K 14, Uiincrsily College 
In Williamson’s figure (' 78 , PI. 44, Fig. 80) there .are no sieve-tnbes ; sec i'. 35 °- 
> Hick (’ 96 ), p. 7. ' 'h., p. 6. 
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the appearance of a sharply defined bundle sheath ' (PI. XXVI 1 , Fig. 4, e) the 
constituent elements of which alternate with those of the pcricyclc.'and also 
,vith the cortical cells succeeding them. The distinctness of this ’darkened 
layer is very variable, and, partjcularly in the case of /3 stems, it is some- 
times so ill-defined that the stelar tissues appear to grade into those of the 
cortex without any reliable indication of a limiting layer. The dark colour 
of those cells seems to be due to the blackening of the contents, which must 
have been very dense. Sometimes the cells appear uniformly dark, as 
if the colouring belonged entirely to the walls ; in these cases there can have 
been little or no contraction of the cell contents. At other times the 
blackened contents have contracted away from the walls, locally or entirely ; “ 



Tkxt-fio, 6. Portions of the iffid'De cortex of a and 0 stems, showing the difference in the 
thickness of the cell-walls, and the appearnna s a.^umed by the contracted cell-contents, x 400. 
(a, from Q loj ; 0 , from Q 103, Cash collection.''' 


while in still other cases the cells possess a pitted and reticulate appear- 
ance, suggesting uneven adhesion of the contents to the cell-tvall, so that 
subsequent contraction has caused ruptures which now appear as spaces or 
pits. This appearance may be observed in longitudinal as well as in trans- 
verse section ; ^ whether it is natural, or due to a condition of petrifact,^ 
cannot of course be determined. 

^ Williamson ( 78 ’', p. jso ; T’l. 34, Fij;. So. 

^ Cf. Scott ('US), p. 339, Fig. 132. In this hgure of /'O'rj'i'plfris contraction of the 

contents may be obscrvcti in the darkeneil cell-layer which ‘ may be llic ondcKlermis . 

Kidston, K. : On a New Sj'ecies of Dimuren and of Boiry.'ikrii from rcttycur, Fife. Trans. 
I'oy. Soc. Edin., vol. 46, Ft. 11 , 1909, p. 361. Sec p. 363 : ‘ the ciidodermis (of if, antiqna) is 
clearly defirod by its dark contents.’ 

* niccndodermls of the stem is exactly similar to that of the root, figured in PI. XXMI, Fig. 3 
and rtxt-hcs. 13 and 13, 

' Slopes, M. C. ; Fcttifactions of the eatlicst European Angio^peims. Phil. Trans. Roy. Soc., 
vol. 203^ 1^13^ p_ Seep. 94. 
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Frequently in a stems and occasionally in those of ^ type the contents 
of the cortical cells are preserved (PI. XXVI, Figs, i and 4, and Text-fig, 5| 
showing very varied conditions of blackening, granulation, and contraction ; 
here again the appearances may be duetto petrifact, although 
is inclined to attach some systematic importance to them. On the whole 
the cortical cell-contents of /f stems are less blackened than those of a stents ; 
representative examples are shown in Text-fig. 6. 

W ith regard to the epidernud cells and hairs, H ick has remarked that no 
contents are recognizable. In cases, however, where the cells arc presereed 
in a growing state, as they arc just above a place of branching, delicate, 
granular and vesicular contents may sometimes be detected. The multi- 
cellular hairs, when fully grown, appear to be appressed rather than spread- 
ing, and consist usually of a single row of cells, the terminal member 
of which may be pointed or rounded (Tc.xt-fig. 4? c). 4 he terminal cells of 
young hairs often present the appearance of glands, particularly when con- 
tents are recognizable. In some cases a hair appears to grow from a single 
basal cell ; frequently, however, it is carried by a pedestal consisting of 
several small cells (Text-fig. 4, I'’ o>'e of the examplc.s figured the 

lower part of the hair itself consists of a double row of cells (Text-fig, 4, c), 
suggesting a transitional stale between typical uniseriatc hairs and fiattened 
multiscriate ramenta. 

v. Dichotomy ’ of the stems, described by Hick* as 

‘equal division takes place in both o and ,-i types. In ,1 stems the single 
protoxylem group divides, and in pa.^sing up the stem ® the two resultant 
groups become more and more separated as the xylem strand increases in 
size (Text-fig. S and PI. X.WI, Fig. 9). At tlic level where it presents about 
twice its original dimensions, narrow thin-walled cells occur laterally, and 
their gradual inward extension separates two equal, or nearly equal, masses 
of tracheides, each having typically a single central protoxylem group |P! 


XXVI, Fig. iS ; Text-fig. h).'’’ As the strands separate in pas.?ing iipwaros, 
each becomes surrounded by phloem and endodermis, so that the stem, jusl 
below the actual bifurcation, contain.s two similar steles which arc destined iot 
the two branches of the dichotomy (PI. XXVI, Fig. S ; Text-fig. H, K tii 
In the division of typical o stcm.s possessing several protoxylem group-, 
only one of these i.s concerned in the production of the branch, the niitia. 
strand of which seems to be provided by the division of that group 
1 1 . c., Pi-. 4-(.. ’ I. C., pp. 2 an.1 j. ’ HiA ('"C). !'■ 

M. c.. P- 9 ; I'ic* -i- •'^colt ros), 1 ». 333 . 

5 See foot-note 4, p. 533. concerning,' the acropttal method of dcjcription. In l ..t,^ 

Koofilc also justifies the use of words signifyint; motion of vascular strucluri.'-, as ' avoii mi; ^ 

periphrasis ' (pai^c 107, foot-note 2). , , i 4. mi Iin is iki' 

® In Text-fig. s;53, the occurrence of two protoxylem groups in one of the ^ 

typical ; it ai)pears ratlier to l.e a transitory c..ndili-.n than to have iiny coimc.Uu-n \vil i A.im 1 
’ In the stem figured, the position of the proto-xylein groups imlicales the diviAoii 
them, lower in the stem, to supply the branch, although none of the series examniLi r - 1 
actual process. 
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- ■ ■ of the two steles are similar to tk 

(Text-fig. 7). Formation and se^ra separation, tk 

Fig. 5 ; Text-fig. 7> 
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forinatio''' In ^ stems the branches arc typically equal in size (PI. XXVI 
Pigs, 8 and 9 I Text-fig, 8). 


2. Petioles. 

i, Pmlopmnt.— 1 'ot production of petioles has been described by 
Hick as a process of unequal division of the stem.' 'The lowermost stages 
of their development are exactly similar to those seen in the formation of 
stem branches ; the division of the single, or one of the several, protoxylem 



Text-pto. 9. T)iflgrams of leaf-trace production in the smaller branch of the « stem shown 
mText-fig- 7. In K2o4 indications of root-production arc ^ccn r.t r: Kao/and indicate 
the appearance of separating cells immediately in front of the protuxylcm of the leaf-trace; K 30 m 
'henvs the position of the fully-formed jHtliolar bundle a> cornpared with iliat of the trace in K 20 1 . 
Nole the distribution of the protoxylem along the antciior surface of the k-af-Uacc, and the absence 
ofadnxicil inctaxylcm. x 35. (From series K 20, University College, l,ondon.) 

gioup.s (Text-figs. 8 and 9) providc.s the initial petiolar strand, which in 
passing upwards becomes separated from the rest by the formation of 
mctaxylcm elements (Text-fig.s. 8 and 9). At a slightly higher level in the 
stem, thin-walled parenchymatous cells may be observed in front of the 
petiolar protoxylem (Tcxt-fig. 9 ; PI. XXYl, Fig. 6) ; higher still, the lateral 
extension of these cells completely scpar.atc,s the semi-cylindrical m<ass of 
foliar xylcin from the stem stele. Always in ^ types, and in some a types 
‘the, the protoxylem occurs on the adaxial margin of tltc petiolar strand 
(Text-figs. 8 and 9). In other o types the protoxylem, just above the level 
of trace-separation, is slightly immersed, owing to the erccurrcnce of some 


’ I.C., yp. 9-11. 
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adaxial metaxylem elements (PI. XXVII, Fig. i ; Text-fig. lo).' 
endodermis and the remaining stclar tissues close round the xylem, and the 
leaf-base separates from the stem in the same way as an ordinary branch. 

In its outward passage the petiolar bundle may turn slightly away 
from the stem stele, this deflection being apparently more marked in a than 
in types (cf. Text-fig. 9 with Text-fig. 8, and PI. XXVI, Figs. 3 and ;), 
ii. a These are circular in outline and arc smaller than the 
stems, having an average diameter of i *5 mm. They each possess a single 
xylem strand— 0'45 mm. x 0-3 mm. in average dimension— which varies in 
shape from semilunar, at its lower levels, to elliptical or bluntly oblong as 
seen in transverse section ; there is occasionally 
a slight indent.ition on the abaxial margin of the 
strand (Te.xt-fig. The position and beha- 

viour of the protoxylem elements is c-xceed- 
ingly variable. The initial group always exhibits 
a tendency to divide, and typically there is a 
definite division at some point above tlie separa- 
tion of the petiolar strand from that of the stem; 
the resulting condition of diarchy, however (Text, 
fig. 1 1 1, docs not appear to set in at any fixed level, 
As the leaf-ba.se passes away from the stem, the 
adaxial metaxylem elements, when present, tend to 
break down and disappear (PI. XXVll, Fig,4 ; see 
also Text-fig. n), .so that the protoxylem is again 
external at a slightly higher level in the petiole. 
It may appear to occupy two shallow grooves, or 
to form two blunt points (Icxt-fig. ii, rt and/^j. 
In cases where there is no definite divi.don of the 
protoxylem group, tire more or less fialtened 
adaxial margin of the xylem seems to consist almost entirely of small 
elements ■ (Text-fig. 9). 

The cortex and epidermis of a petioles present the same characters a> 
those of a stems. 

iii, -These also are circular in transverse section, and art 

' Hick (’ 98 ), p. 10 : ‘the smaller segment seems tu develop liUle or no \ylein on ib iunu ' ' 
In I’l. I, Fig. t, Iliek shows an a stein and |)ctit.l,ir bundle Iroin slide Q lOl , Cash Co lu, . 
proto.vylem of the leaf-trace appears to be slightly inirnersed. In Figs, 3 ani 4 d''"' ^ ‘ 
and Q 101) are shown two stages in the separation of a S petiole, 111 which the p 

external. , , • , ,l„ 

' Neither Hick, .Scott, nor Seward mentions the numlrer of protoxylem groups 
bundle of A'. Hick CSS;, p. .1, says the petiolar bnn.lle is ' semilunar 11. to 

small Clements on the convex side V According lo Scott ChS). |). d'v m-atl) k _ 

has the protoxylem points all on the same side'. .Seward ( 10 ), is 438, deseribes le ■ 

‘ semilunar in sctlion, with the protoxvlem on the flatter si<ie . 1 liesc thice ae.coun 

variability of the petiolar vascular system. 



Text-FIO. 10. Diagram 
of a leaf‘tracc just above its 
sep.aration from the stem-steli-. 
Note the i;n«.!ivi(le«! protoxylem 
group of the leaf-trace, .iDtl the 
occurrence of adaxial intta* 
.xylem. x 35. '.From slide 
iS^, W illiamaon collect.) 
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5 „aller than the parent stems, having a diameter of about mm. (PI. 
XXVI, Fig. 7). The xylem strand, like that of the .stem, is much reduced, 
measuring only about o-i,!; mm.xo-s mm. Below the level of pctiolar 
separation the trace is usually semilunar in transverse section (PI. XXVt, 




rn 


IhiXT-FlCt. II. fl, transverse seclion of a jtetiolar hnn-.l'iC, showing thendaxial distribulioii of 
.hcsmallcrelcineiUs, which seem tolie in twoshallow grooves. .\t m there is an aiipearnBce similar 
i> that figuretl in I'l. XXVII, Fig. i, suggest iiig the Ineahing d(>wn of -rl.axial metaxylem elements, 
''ote ihv general shape of the peti-dar IiumHe, an<l the ^!iglll I’epiession "t the posterior margin. 
X tFrom slide Williamson collect.' the anterior m.argin of a simil.T.!' petiolarhumile, 
11 wiiic’i the I'rotoxylem Ss.-cms to Itc aggregateil into two Munt points. At m tlic cells .apj-tear 
iomewliat Itroken liown. x 400. ;From slide 1S61. Wdliainsoii eolloc;.' N.l-. It is impossible 
k'finiiely to refer this petiole to K. <ylin.iyu<i, although its appearance suggevij that it Itelongs to 
ihis specks. 

Fig. V, /t; PI. XXVII, P’ig. i) ; at a somewhat higher level it is bluntly 
triangular, the protoxylem being concentrated at the apex of the tri.angle. 
The monarch condition is maiiit.ainal in ,1 petioles, and no adaxial 
metaxylem i.s formed (PI. XXVI. Figs. ; .and 9 ; PI. -X.XVII, Fig. 2 ; 
Text-fig. 8), so that the protoxylem is always extcmal. 

The cortex of ft petioles is wide in proportion to the size of the xylem 
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strand, and is similar to that of fi stems. The outer layers are indefinite in 
structure. 

iv. Histology.— lr\ both a and /3 petioles the details of cell structure 
follow very clo.sely those described for the corresponding stems, 
authentic longitudinal sections have been observed, but oblique sections 
show the scalariform and reticulate pitting of the tracheidal walls (see also 
a transverse section, PI. XXVII, Fig. The protoxylem elements, as 

in the stems, are apparently .scalariform. In the case of li petioles the meta- 
xylcm elements are frequently imperfectly lignified (PI. XXVII, Fig. j). 

In some specimens the xylem strand does not occupy the centre of the 
stele, but is situated abaxially ; it is probably this fact which caused Hicki 
to doubt whether the phloem completely surrounds the xylem. In such 
cases it is usually impossible to determine the structure of the external 
stelar tissues, on account of the crushing which they have undergone. In 
favourably preserved examples of a petioles, however, the phloem appears 
to be continuous round the xylem, and to consist partly of narrow cells 
(PI. XXVII, Fig. i) and partly of larger cells suggestive of sieve-tubes In 
petioles the xylem almost completely fills the area enclosed by the rather 
ill-defined endodermis (PI. XXVI, Fig. 7 ), and the nature of the small cells 
which immediately surround it cannot be determined. A pericycle may 
sometimes be recognized in a petioles (PI. XXVII, Fig. i); and_thc endo- 
dermis (PI. XXVI, Fig. 7 ; PI- XXVII, Fig. I) of both types possesses the 
same characters as that of the stems, although to a less marked degree. The 
contents of the petiolar cortical cells also are similar to those of the stems. 

v. Branching. — In several cases petioles of R. cyltndnea type, asso- 
ciated with stems of R. cylwdrica, have been observed to contain small 
lateral traces ; these are apparently produced by the division of a protoxylem 
group of the original petiolar bundle. 

3. Roots. 

i. Associated with the stems of R. cylindrica are 

numerous small roots, diarch and typically fern-like ; similar structures 
may also be observed in various stages, arising endogenously from both a 
and /3 stems “ (PI. XXVH, Fig. 4 1 PI- XXVI, Fig. 8). They arc scattered 
at fairly infrequent intervals, typically occurring singly in association with 
a petiole or branch ^ (PI. XXVl, Figs. 3 and 8 ; Text-fig. 9); at times, 
however, two roots, at different stages, may be seen in the same transverse 
section of a stem (PI. XXVII, Fig. 4 ). 

' Cf. Wlliamson (78), PI. rr. Fig. 87: Hick (’96), p. il, and PI. I, Fig. 1 (from the siB 
specimen in Q 105, Cash collect., as PI. XXVI, Fig. 8, of the present account). 

> Cf. Lachmann, J. P. : Contributions 4 I'histoire natnrclle dc la racine dcs Fouritcs, ' 
Soc. Bot. Lyon, Set. A, No. 1 16, 1889. See p. 169. The distrihntion of the tools in K. erW™' 
is not, according to Lichmann’s conclusions, of very primitive type. 
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The vascular supply of each root is connected with a group of rather 
small tracheides occurring at the periphery of the stem xylem ' ; the details 
of root-fof (nation are, however, difficult to observe. 

The passage of the roots through the cortex is variable ; it may be 
horizontal (PI. XXVI, Fig. 3), or more or less vertical (IM, XXVI, Fig. 8). 

ii. Anatomy and Histology.— roots of o and types are similar in 
structure ; they vary considerably in size, an average diameter being o.6 mm. ; 
and they possess a diarch xylcm-plate consisting of a few tracheides (PI. 
.XXVII, Fig. 3), all of which appear to be typically scalariform, although here 



Text-kig. 13. A portion «f a wcll pieserve<I root, showing in transverse section the pliloem- 
cclls {ph\ and the endotlermis {(.), the Haikenetl cdl-cor»tciits of which have here aiui there a pitted 
iippeaiance; /w., protoxylem ; /v., pcricycle. x 400. (hrora slide K.’iw, University College, 
London.) 

and there are indications of spiral thickening in the case of the protoxylem 
elements. The phloem is usually not well preserved ; in a few cases, 
however, it may be recognized as a group of small thin-walled cells on 
cither side of the xylem plate, alternating with its poles (Text-fig. 12). 
There appears to be a little conjunctive parenchyma, and occasionally 
1 pericycle may be observed underlying the endodermis (Text-fig. 12). 
The cells of the pericycle arc rather irregularly arranged, sometimes 
alternating with those of the endodermis, at other times being opposite to 

them. The endodermis is strongly marked, particularly in the older roots 

(Pi. XXVII, Fig. 3) ; it has the same characters as that of the stems and 
petioles, the pitted appearance often being very pronounced (PI. XXVII, 
3 ; Text-figs. \% and 13) in both transverse and longitudinal sections 
' Cf. Scott (’08), p. 339; and Seward (’10), p. 43^- 
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of the roots. In the younger exampic.s, the endodcrmal cell-walls arc firm 
and dark-coloured, but there is little orno black- 
ening of the contents (Text-fig. 14,(1), 
one or two instances the cells of the enJo- 
dermis in the neighbourhood of the xylcm 
poles remain unblackened (PI. XXVI I, Fig, 
a,s if their contents had been originally less 
dense. It is possible that these cells may 
have funetioned as ‘ passage cells 

The cortical cells are regularly, and more 
or less concentrically, arranged in the inner- 
most layers ; they tend to become more 
irregular, and also slightly thicker-walled, 
towards the periphery of the root. There are 
apparently no intercellular spaces. The con- 
tents of the cortical cells are occasionally 
preserved, presenting similar characters to 
those described in the case of the stem, though 
they arc much less dense. 

In the majority of cases the oirtcrmost 
cortical layer, consisting of thick-wallcd dark- 
lEXT-riG. 13. r.ut of an cned cells, forms the external covering, or 
oblique longiuiilifial si-cti'*n of a cxodcrmis of the root. In one or two well- 

orthf'enlwirmii (r,i.''x 400. preserved examples, however, the outer pili- 
.From sluk K al«, University j ,.c^ent, OVCllying the 

Collet’i’, l/'iiilon.) ‘ 




' Uabctlandl, G. : Physiological Plant Anatomy. English Edition, 1914- S'' PP- '' 
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(Jarkcned outer cells of the cortex. It consists of regular thin-walled 
elements, which here and there have grown out to form root-hairs (Text- 
fig, 14, h). In another case root-hair production is shown in a very young 
root, the outer cortical cells of which are still unthickened.' 

iii. Branching.— lateral roots may be seen arising endo- 
genously opposite to the protoxylem groups of the main root ; the process, 
however, 'is too indistinct for detailed observation. 

IV. Organs i.n Association with R. cylindrka. 

[n fairly constant association with the stems of Rackiopteris cylindrka 
jre ' axes ’ of varying sizes, ^ and detached sporangia similar in type to those 
associated with Botryopteris ramosa, B. hirsuta? and B. antiqua> Although 
there is usually no evidence of their identity with R. cylindrka beyond 
that of association, this, and their .suggestivcncss when compared with 
similar structures referred to allied species,'' entitle them to a brief 
description. 

I . ‘ Axes ’ of various orders. 

In’ several cases these detached ‘ axes ’ possess a monarch x-ylem- 
stiand, similar to, but more robust than, the strand of petioles (Text-fig. ly). 



Text-fio. 15. A monarch • .«U'. associn'.i'.l 'I'ilh A. r /r., protoxylem. x So. 

Kriim slide K 21 I'niversity CuUfge. I.omlon.' 

The similarity of the cortex to that of a organs suggests that these axes arc 
branches of the primary a petioles.® 

* So far ns the writer is aware, this U the i'lrn record of midoubtat rooi-hnir> in n Coni Mcnr>uie 

■ \Villinniso(i ( 7 s) mentions (p. .^51', and iigurcs ij’l. 34, Figs. S1-3), axes much smaller 
difin ilic main stems of Ah rj7rWriVi7, and is inclined to regard them as branches of thU p rmt- 
■' Scutt jip. ^^2, 353; Fig. 125. 

‘ Scott, D. n. ; Sjwrangia attributed to lleliyepms Kidston. Aon. of Bo'-, 'ol. cy, 

p. VS19. See pp. S19 and Sjo. j , v , 

I'clourde, F. : Observations sur quclqucs vegetans fossilcs Je I’AutUiiois. Ann. deu bt-i. . a . 
J'-ct.), ser, ix, vol, II, lyio, p, 361. See p. 36;, Fig. 6 . 

•' Sw Section V. p, * ^ec p. 54^* 

0 
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Numerous examples occur of small axes in which the stele is reduced 
to a few tracheidcs surrounded by small thin-walled cells ; there is 
definite bundle-sheath (Text-fig. i6). The cell.s of the cortex arc la]„ 
thin-walled, and irregular in shape. Usually the outermost cells .arc mudi 
crushed, or are entirely unrepresented ; in a few instances, however the 
may be seen to form a very loose tissue (Text-fig. i6, h), perhaps com 
parable with the assimilatory layer in the axes of Stauropieris oldhamia'^ 
The epidermis consists of narrow ihin-wallcd cells which may produce hair 
(Text-fig. i6, i). 



Text-fig. i 6. a, A, ami f, Itansverso sections of small a.’ccs associate*! with K. (ylivdna. In 
the outer cell-layers are shown at one point ; //•., epidermis, h., hair, /ar.. parenchymatous cfilh. 
separateil by intercellular spaces, i. In r, the va.sciilar strand has divided into two equal groups, 

X ^0. (a, from slide K 21 1/; />, from K :i ^ ; **, from K 21 University College, I.ondon.) 


Dichotomously branching examples of the.se axes have been obsen'cd 
in both transverse (Text-fig. 16,1:) and longitudinal section. The size of 
the axes is very variable (Text-fig. 16. a, b, and r), and is difficult to 
determine, owing to the crushing and removal of the outer cells; tk 
largest seem to be somewhat smaller than the monarch ' axes ’ de.scribcd 
above. 

No gradations between these axes and cither n or ;i organs of 
(f. cylindiica have been observed. 

2. Spormuria. 

The sporangia which occur in association with A’, crtiiidncn arc 
rounded or oval in section ; the example shown in Text-fig. 17, 0, measures 
525 n by 400 p. The sporangium wall consists of a single layer of cells 
vhich become enlarged locally, forming a phiriscriate annulus (Text- 
fig. 17,(7); the inner and lateral walls of the annulus cells arc iisuall)' 
somewhat thickened. 


Sc»»U (’OS), p. n;. 



Krwwkdge of Rachiopterh cylindrka, Will. 553 

The sporangia contain numerous tetrahedral spores, about 35 in 
diameter ; frequently the triradiate mark may be seen on the spore-coat. 
In the case of a young sporangium, spore-tctiads, some still enclosed in the 
niothcr-ccll membrane, are well preserved (Text-fig, 




Text-i ku 17. a, a section of a sjioranyinm associated nith K. lylmJiirn ; a;;., ‘ annnliis ’ 
,.,.11;. y. 80. (From slide Kilei, I'nivcrsity Conct;e, Loiirlon.;. tetrad groups of spores in 
n youns sporaiieium associated with J\. ,ylimh i, a. m., indications of the mother-cell inembranc. 

In the left'hana group, the doltctl line shows the position of the fourth spore, seen at a lower focus, 

X 400. (From K 2 1 «, L'niveiaity College, Condon.; 

V. General Discussion. 

I. The Significance of the Occurrence of a and ,j types. 

The occurrence of the a and ;) types of stems and petioles described 
above suggests three possibilities, namely, that they represent : 

i. different regions of the same plant ; 

ii. two distinct though closely allied species ; 

iii. habitat forms of a single species. 

Ill favour of the first consideration it may be urged that the differences 
of structure between the two forms are not so great a.s those existing 
between different levels of growth in a single plant of Psilotum} or of 
HcUonia? But, although the two fornts constantly occur side by side, no 
transition from one to tlic other lias been observed ainong.st the numerous 
specimens exaiuined. 

With regard to the second suggestion, the points of similarity in 
stiiicture and behaviour of a and d .<tcms and petioles are too numerous to 
warrant a multiplication of species names. 

The available evidence tend.s to support the third possibility, indicating 
that the occurrence of a and types has a bearing upon the ‘ autccology of 
Rachioptcris cylindrka. 

The reduction of the xylem .-strand and its concentration, as exemplified 
by tile presence of only one protoxylem group ; the relatively wide cortex , 
the production of air-spaccs ; and the absence of mechanical tissue features 
which characteviae both stems and petioles of the d type, as compared with 

' Williumson ('/S', i>. ,HI. f - , 

’ I’rankcni, T. L. ; On' the .Stniutorc ami Biolo.gy nl the guniis H.Uom.t. Ann. o 

VOl. 2:, lyil, p. 


O o t 
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those of the a type— are modifications of structure which find their parallel 
among water-dwelling forms of recent plants, where they are too well known 
to require a detailed reference.’ 

It is therefore suggested that the differences between a and ji types 
of R. cylindrka have been caused by the influence of water upon ,) 
individuals.^ 

With regard to the general habit of R. cylindrka, the presence of an 
outer cortical zone of thin-walled cells, which may very possibly be com- 
parable with the assimilatory tissue of Psilotmn, indicates that in the 
a type, which shows the characters of a land plant, the stems were exposed, 
and not of the nature of underground rhizomes. 1 hey may either have 
grown along the surface of the ground, rooting at the nodes ; or, as their 
radial organization, lax habit, and fairly large petioles would suggest, they 
may have been semi-erect, supporting themselves upon other vegetation. 

It must be remembered that any suggestions with regard to the 
ecological aspects of Coal Measure plants are necessarily very tentative; 
there is, however, some support for the view that the apparently straggling 
plants of Rachioptcris cylindrka At the edge of swamps or still lagoons.* 
The evidence drawn from the comparative structure of a and types, and 
from their constant association with one another, points to the conclusion 
that the plasticity of the species — which is not necessarily conncctct. with 
primitiveness ’-allowed different individuals to exist side by side, some 
above, and others below, the water level. Thc.se individuals respectively 
constitute the a and ,) types, which may be regarded as habitat forms, or 
‘ ecads ' of the species.* 


i. Ttic Relationships of R- cylindrka. 

Williamson,* in his original description of the organs referred to 
Rachiopteris cylindrka, mentioned the possibilities that they might be 

> Cf. Scliimiitr, A. F. W. ; I’llan/engeoKrapliie .-luf physiologischer Grmidl.igv. 'S.jS. 

I.and and, water forms of Canhmiiu paleiisis ,p. i'l, ti.C- “ 

. 20, Fig. sr) show the same modif,c.itions of structure as a and B forms of A. 

■' . The modifications arc those caused by fairly still, rather than by stronglyflutvino 

cODclVjons (re tenable, it is interesting to note tl.e presence of hairs ii, 
as Dombois (Eintluss der geriageren odcr grosseren Feuch.igkeit tier Stan.lorte ' « ' ” ^ ^ 1 

deren Eehaarung. Inaug.-Diss,, .Saarbriicken, .SSy) has shown, these structures ten, to be r ■ ■ ■ 
or absent under the inflnence of morsture. A similar instance to that o A', 
found in //enmia palmtrh. where glandular hairs arc present on the surfaee of the aqu. 
and leaves, as well as on the land plants and aerial shoots. 

■ Cf. p. 53 . ; and foot-note.. The eacellent prcservatiorr of the specimens, and tl.e tjr 
structural modifierrtion of 0 specimens, indicate the presence of fairly still water, 

< Cf. the case of Polysomon amphilnum. 

* Clements, F. K. ; Research Methods in Ecology. i(/ 35 * «« pp. 148 

Blackman, F. F., ami Tarrsley, A. G. : Ecology in its physiological .and phjtoton J-l 
Aspects. New Phyt,, voL 4, 1905. PP- ‘ 99 =“'’ ’ 3 .- I’ve P- ..= 3 - 

• 1. c.,p. 351. 
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stems or roots of a Fern, or that they might represent some dwarf Lycopod 
type ; that he personally regarded them as parts of a Fern is indicated by 
their inclusion in the provisional genus RiicMoptens> In 1896 Hick- 
also inclined towards this opinion, which is now accepted without 

question. 

Certain similarities between R. cylimirua, R. ranwsa? and R. hirsuta * 
.suggest that these Lower Coal Measure species arc closely allied ; and 
since Scott “ has included the two latter in Renault’s genus, Botryopteris 
instituted for French I’crino-Carbonifcrous types, of which B. forensis is 
the most completely known-several writers' consider that R. cylindrica 
should also be added. Scott,’* however, while admitting a relationship 
between A’, cylindrica and Botryopteris .'[ip., retains for the present its 
original name, and suggests that it may be preferable to institute a new 
Tonus for its reception on account of its different habit, 

A consideration of structural details indicates that Botryopteris antiqua, 
a species occurring in the Calciferous Sandstone of Peltycur,’ and also, 
apparently, in the Culm of lisnost, near Aulun,‘" is, of known lypc.s, the 
most nearly allied to Rachiopteris cylindrica, at least so far as the behaviour 
of the foliar trace" is concerned. There is also evidence that, in this 
rc.spcct, R. cylindrica represents a tr.ansition stage between B. antiqua on 
the one hand and />’. ramosa and B, hirsnta on the other. 

According to Gordon and to Benson,'* the petiolar trace in B. antiqua 


' Willbmsvn, \V. C. ; On the ' 'ruarizalion of Ac I'osui I'laiUi of the e'o.iI Mtaiiires. VI. 
I'erne I’liil, Tra.is. Koy. .Soc., H, vol. 164, iSn, p. Cf;. p, 0”. 

* t.c.. p. 14. 

= Williaraswi, tv. C. ; On the OrjaniMlion of the Ko^il I'lrnls of the Coal Mtasnref. .W 111 . 
I'liil. rMna. Roy. Soc., it, vol. iS.’, iSyi. p. See )>. jfii. 

t W illiainson, \V. C. : On the < 'reani/ation of tlie Fo.ail I'lar.ta ot the Co;I .Measurta. Xt . 
Hiil. Tr.n!. Koy. Soe., R, tol. iSo, isSzj, p. lej, Ixc p. iCi. 

* Soul, D. II. : On an KngUdi i'o:/y,q:,ri!. kepoit tJ' ;he UiiiUh Aafociatiun Meetuig at 
Brisiul, iSi/. .Sct-lion K, p. 1050. 

S.olt. D. 11 . : StiuHcs in l•'ossil Uotaiiy. hrst cditioii. lyoo. p. J91. 

* Renault, 11 .; Kcdicrchei sur Us vis;elan\ siliciftei ■I'.tuUni et Cc .St.-Ulicnne. Etoie du 

L\’lr)vffois. Ann. lUs ^^ci. Nat. ser. vi, i. I, p- 

(See also fours lie lli.lanUiue Eossile, t. y, isSy, p. 104; ani Uassi.n tlonilkr cl retmlen 
trAulun cl d’J- 1 inac ; Here KcisMle, Ft. II, iJy'S, p. .VV ' 

^ BrcAvnc /OS;, p. ; Seward v'lt';. PP* 435 - 40 - 'l.Ti;>ley 0 ?', p. 14. 

* Scott l'5\ pp. 333 anti 345. 

•’ Isl'lstUEJ v'Oi?''- 

Benson, .M. ; Xew OUscrvalions on tnniy.qtins .mBuj. Knlston. Ann. of Bol., vol. r.W 
tyll, \\ 1045. . . ■ ■ 

tknrand, C. K., ami Coinaille. K. : Lcs caracttrii-tiepiCb de la tia^e foliaire botrjoiitenaienne. 
Cumptes rciidiis ties Seances tie FAoademic ties Science?, i. F* P' 

Pelourde (’10), p. 364. , 1,1 . i*. 

lAttratid, 1’.: L'diuilc anatoiniijue dcs Fon^acs ancienne?, et les piob-emfs que e .oUiC 
l'roj;rt;shus Rd Botankae, Mil. 4, 1912, p. iSj. See p. ^ 3 -* .. ,, . 

'* In a study of lebtionsliips the cvUlcncc of the foliar trace apj^earN to be ol con.R.era 
Stc Bertrand (' 12 ). 

!■ c. ^'10}, p. .(00, ^ 


^ 1. 0., p. 104;. 
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has at its lowest levels a single immersed pole near its anterior margin 
As the trace passes out, the protoxylem, which either remains single or 
is duplicated, becomes external, its elements lining one or two shalloiy 
adaxial grooves. Sometimes the protoxylem elements appear to be 
distributed on the anterior margin of the trace.' 

In the case of A’, cylindrica the foliar trace possesses at its lowest 
level a single external pole ; a little higher in the trace, the presence of 
a few adaxial metaxylem elements, in some instances, indicates a relic of an 
ancestral structure, such as that realized in B. antiqna. The protoxylem 
is, at still higher levels, more or less external in all cases, its behaviour and 
arrangement in the typical a petioles being very similar to that described 
for n. aniiqua. Sometimes, however, when the protoxylem groups appear 
to form two minute points, there is a hint of progression toward.s the con- 
dition seen in the tridentate- petioles of Botryopteris ramosa and B. hirsuta. 
In these species, the petiolar vascular bundle is typically triarch, the pioto- 
xylcm elements being aggregated into points of very varying prominence 
in different specimens. The three groups result from the divi.don of the 
single pole of the Icaf-tracc. 

Miss Benson’ explains the increase in the number of poles from one 
to three in the evolution of the botryoptcridcan trace, as being due to the 
arrest of branching at an early stage ; this increase seems to be accompanieti 
by the gradual protrusion of the protoxylem groups.* In accordance with 
this view, it is suggested that R. cylimirka represents an intermediate, 
though not very advanced, .stage in the series, for while protrusion of the 
protoxylem is indicated in some specimens, its arrangement is usually more 
reminiscent of that in />. ontiqua. 

According to Paul Bertrand’s earlier work,' the botryopteridean trace, 
as represented by that of B.forcnsis, may be derived from the reduction of 
an ancestral bipolar form. As Scott ^ notes, this author does not take into 
account the trace in related and older types; while Miss Benson ' shows 
that if Bertrand’s view be accepted, the early occurrence of a monarch tr.ice, 
in B. antiqnu, indicates a process of sim[)lification within the scries— an 
indication with which the triarch petiolar bundles of later species are not 
in harmony. It seems more reasonable to regard at least />. anthim, 

' Kiclston v’08). p. 363; I’clourdt.- {’10 . p. 3O5, i. 

2 Felix, J. : l'ntersuchun!;cii iibcr deii innercH Hau wcsttalisclicr ('aiboiipflaii/cn. Abhin.l: 
Kun. Preuss. geol. Lantleianit., 7, i8S6, p. [153'. Sec j>, ; 1641, and Taf. I, Ki.i;. i. 

Scotl p. 1030. 

In /3 jKrtiolcs the single pole lyj'ically form'; a distinct point, 

® 1 . c,, p. 1051. * ibid., Tfxt-tig. 2, p. 1051. 

® 1 . c. ( OO), p. 238, 

* Scolt, Ib H. : Keview of Dr. P. Bcrlrantl's w«.»rk, Ktude.- sur la frondc ties 
{Lille, 1909), New I'hyt., vol. 8, 1909, p. aOO. Sec p. 271. 

^ I. C', p. 1053. See also IJerlrand’s general ajjrceraciit with Miss Benson's crilicism, J- » 

p- nz- 
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fl cylindrica, and B. ramosa and hirsnta as forming a series in which the 
foliar traces show progression from a simple structure in the oldest species 
to a more complex development in the later species ; for, as Bertrand ‘ now 
admits, the simple trace of B. aniiqna may readily be derived from a basal, 
generalized form— a rounded or oval mass of wood having a single central 
ole— by a slight anterior displacement of the protoxylem. According to 
this view, the foliar traces of the Botryopteridcac, Osmundaceae, Psaronicae, 
and Zygopterideae may be referred to a common ancestral type.^ 

The branching of the petiolar bundles in B. aniiqna; B. ramosa, and 
r, hirsnta is lateral, and there are indications that it is of the same type in 
R cylindrica. The secondary traces arc usually smaller than the parent 
strand, and their protoxylem is apparently provided by the division of one 
of the petiolar groups. In the case of the triarch petioles of />. ramosa and 
B. hirsnta, the central protoxylem group is not concerned in the proiluction 
of branch traces. 

With regard to stem structure, R. cylindrica is es.scntially very similar 
to the three British species of Botryoptcris. In each case the stem is 
protostelic, the differences depending chiefly upon the varying position of 
the protoxylem groups. It is not, however, possible to trace an evolutionary 
scries like that exhibited by the foliar bundles. 

In D. antiqua the position of the protoxylem is variable and indefinite ‘ ; 
many scattered peripheral elements occur in the root-bearing zone of the 
stem. These are no doubt comparable with the small elements giving rise 
to roots in the other species. In the leaf-bearing zone, there are only one 
or two mesarch groups ; the .same number occurs in B. ramosa, where they 
are, however, placed towards the centre of the .xylem strand ; B. hirsnta 
apparently presents a similar condition. It has been shown that the 
\ascular strand of R. cylindrica may iXTSsess a single endarch group, or 
from two to five groups in a mcsarcli po.sition, the chief distinction between 
this and the other .sjrccics con.si.'ting in the slight and varying differentiation 
of the internal xylem in typical spccimcn.s. Whether this differentiation is 
indicative of a higher or lower development of the vascular strand is open 
to much discussion ; its theoretical significance will be di.scussed in the next 
section.'’ 

The similarity in general .stem structure in these species extends to 
the pitting of the tracheidcs, which is of scalariform and reticulate t)’pe. 
Scalariform pitting seems to be predominant in B. antiqna, and reticulate 
pitting in B. ramosa and B. hirsnta ; whether there is any significance in 

’ 1. c, ei-z), ijj. 

^ Ikrlrand jy,;. 

Kiilslon, K., iuiil (.wynilc-Vaiighail, L>. T, : ( lo the Fvssil OimiinJaaMi'. I’t. I. Inns. Rev. 
Sec. htliii,, VI, 1 . 4t, I’t. [II, 1907. 7.cy, .See I’y. 777 ami 77S. 

Uouleii ;’I1;, p. 733. 

® Benson I’U , p, 104S. * ibitl., p. 1046, 


” j’. s(u. 
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this fact ' is uncertain, for in R. cylindrica it is evident that the distiibuLion 
of the two types depends upon the width of the tracheide walls.* 

There is thus considerable agreement in the organization of the fou, 
species, and in view of this fact it is interesting to note that the associated 
sporangia in each case are of similar type. 

It is inadvisable to draw any conclusions from the apparent absence 
of a leaf of ordinary I'cnt type within this group. In />. rantosa there are 
indications that the frond was much dissected, as in Stnuroptetis .and 
members of the Zygopterideae ; while the presence of small axes asso- 
dated with A’, cylindrica suggests incomplete foliar development in this 
species also — a suggestion which is supported by the probable assimilatory 
nature of the outer cortex of the stem and petiole. Smaller axes, again, 
occur in association with the petioles of B. antiqua. but it is as jet 
impossible to say what the exact condition of foliar development ma)' 
have been in these plants ; and in any case, similarities or differences way 
have been due to the influences of environment rather than to degree of 
relationship. 

The four .species differ to a certain extent in habit. B. auliqua is 
considered by Kidston ' to have been a scrambling plant requiring support 
for its large leaves, some of which were accompanied by sheathing 
aphlebiae.* Seward '■ suggests that the slender plants of B. rainosa, w ith 
their much branched leaves, were epiphytic in habit ; while B. hirsuta 
seems to have been similar, though with larger and Ic.ss crowded leaves. 
There are indications that R. cylindrica was an ‘ amphibious ' plant ; itv 
dichotomously branched stems were of lax habit and boro few leaves, the 
inadequacy of which is .suggested by the development of apparent cauliiic 
assimilatory tissue. 

These differences, however, are not greater than arc to be found 
amongst closely-related types — even within a single genus — at the present 
day. The diversity of habit, and of habitat, amongst the species ol 
Polygonum may be mentioned as an example. 

It may be concluded that />'. autupta, R. cylindrica, B. raiiiosii, and 
7). hirsuta form a group of clo.sely-related species, showing, at least in llie 
behaviour of the foliar trace, a gradual tiansition from a simple to a mote 
complex structure. 

Botryoplcris forensis, as representative of the h'rcnch I’ci mo-Ctirboni- 
ferous species, seems to stand a little apart from the group of older British 
species. 

' Stopes, M.C. ; A New Kern from the Coal Mtasnres : rnfoV./n/rr .Ynn/i/to, spev. iiov. Moa 
.inrl Proc. .Manchester Lit. and Phil. .Soc., vol. 50, Pt. Ill, 1906. Xee p. 24. 

(.lordon (’10), ]). 400 ; Seward (’It)’, p. 436. 

® Cf. Scott (*0S;, Ji. 326. 

* 1. c., p. 364. * Henson (’ll), pp. 104S and 1049; Text-lit;a. I n niv! 1 f. 

‘ 1. c., p. 441. 
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With regard to the foliar trace, the exact details of its emission have 
jot been described, but it is evident that the fully-formed petiolar bundle 
niuch more complicated than that of the four species just considered. 

It is, in general shape, like an m. the arms of which point towards the centre 
of the stem, and it ha.s been compared with the tridentatc bundles of 
g raowsa and E. hirsuta, where the three projections are much smaller. 

In B. forensis the foliar bundle is described as consisting of an 
essential or ‘principal’ segment— the centre arm of the a. ; and two 
accessory or ‘ receptive ’ segments— the two lateral arms.' These latter are 
believed by Bertrand to be secondary developments to compensate for the 
esireme reduction of the essential part of the trace and to provide the 
inctaxylem of the branch-traces. The principal .segment was originally 
considered to have been derived from a primitive bipolar trace, in which 
extreme contraction of the anterior surface had taken place - ; more recently 
Beitrand ' has admitted that the Botryopteridcan trace may have been 
derived directly from a unipolar ancestor. In either case, however, its 
reduction was apparently such as to require the development of the recep- 
tive parts, and these were, according to Bertrand ' already present in the 
older typc.s B. auiiqun and B. raniosa, although in a condensed state, form- 
ing one mass with the pi incipal segment. 

Branching phenomena certainly demonstrate that the centre arm of the 
u mu.q be regarded as the essential segment. At the base of the petiole, it 
posscs.ses, at its free extremity, two later.al, slightly-sunken poles.' which by 
their division provide the protoxylem strands of ihcbi’anch traces. 

The central arm of the <0 is thus, at this .'tage, a much more elaborate 
structure than the central point of a tridentatc petiolar bundle. Higher in 
the leaf, however, it possesses only a single terminal protoxylem group, and 
according to Bertrand and Cornaille,' further reduction of the trace produces 
tridentatc bundles, similar to those of B. hirsuta, wliich, as already men- 
tioned, are also held to include principal and leccplivc segments in a 
condensed .stale. The ultimate traces of B. forensis are mon.nrch, but these 
cannot be compared with the monarch phase of the earlier specie.s, for 
they are said to consist only of the two receptive segments, the principal 
segment not being represented at this high level ; the monarch phase of 
the British species, on the other hand, must include the principal 
regment.' 

The signific.incc of these facts is doubtful ; for if B. forensis, B. ratnosa, 
and B, hirsuta belong to the same serie.s, and it the simpler tridendate 
'races are representative of a reduction phase, then the geologically older 

UrrtraiiO i,. jyS : Ik'rtraiut amt Cornaille t'lOr, p. lol.j ; I>ertraikl tia), pp. JjO 

' Beitranil (’(n.r, p, ij.s. s 1, c. ppi'., p. jjy. ' I. c. c'lC}. p. iJJ. 

‘ Bertrand t'lti), p, jj,, F,j.. ab. ‘ 1. c., p". lojj. ' ‘BU., p. loaa- 
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species of the genus realize this phase at a lower level of petiolar develo 
mcnt — that is, at the base of the petiole instead of in an ultimate branch 
They may thus be regarded as further from the ancestral type in this 
respect than B. fon nsis ; also their simplicity cannot be due to primj 
tir’eness. 

Again, since the traces of B. antiqua and A’, cylmdrica are clear! 
simpler members of the same series as the tridentate forms,* it may be 
argued that further simplicity is due to further reduction ; if this be so the 
oldest species of the series must possess the most reduced trace. 

It has been shown, however, that the foliar traces of B. antiqti,i 
R. cylindrical and />. ramosa and hirsuta form a connected progre.ssivf 
series which may be derived from an ancestral type of trace ; and, in the 
absence of advancing intermediate stages connecting the simple tridentate 
traces with that of B. fon nsis, it may be advisable to consider this specie; 
as being somewhat removed from the earlier types. 

In stem structure also, B. forensis differs from the British types, for the 
solid protostele is definitely exarch.* 

The plant is known to have possessed a leaf with thick, dichotomously 
branched veins and small fleshy pinnules — the only example of an ordinary 
leaf yet known amongst the specie.s of Butryoptcris. 

The sporangia, again, seem to isolate B. forensis from the Kritish 
species. They have been described as possessing a two-layered wall;' the 
inner Layer being often distinguishable only as a thin membrane. Accord- 
ing to Oliver, ‘ some specimens referred to the provisional genus Triichhi- 
theca •’ may perhaps have belonged to B. forensis ; their walls are lined with 
a delicate tracheal layer unlike anything observed in the earlier species. Its 
presence, of course, may be merely the result of environmental influences.* 
It is concluded that Rachioptcris cylindrica is allied to Botnifkns 
antiqua, B. ramosa, and B. hirsuta, the four species forming a group, with 
which B. forensis is not very closely related. This conclusion suggests that 
the desirability of including A’(riV;/cy'Av;rcj7/«<i'/-/rrt in the genus Botryi fkris 
must be determined by the desirability of retaining there its three related 
types. 


3 . Theoretical Considerations. 

Rachioptcris cylindrica presents several point.s of theoretical interest, 
two of which will be briefly discussed. 

* Kidston (’08), p. 364. * Retiaiilt ('83,r, p. 104 f Seward (’10), p. a.ay. 

* Kenautt (’9t>), pp. 53 and 54. 

r Oliver, F, \V. : A Vascular SiK)ran;;iuiii. New I'hyt, vol. I, lyor, p. (io. 

^ Oliver, F. ; i *11 the Strnclurc and .Aftinities of Stt^hannsptrmuvi. liroii^niart, a t'U .s ; 
Fossil tiymnospenn Seeds. Trans. Linn. Soc., Hot., vol. 6, iy04, p. 3O1. See foot-nolc. i' 3 j: 

* Seward flO), p. 443. 
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i. The Primitiveness.of the Stelar Condition. 

T. cylindrica has been described by Tansley ’ as possessing an endarch 
nrotostele, and as being therefore primitive in this respect. But it has been 
shown that the a forms, at least, are not in the majority of cases typically 
etidarch ; they rather tend towards mesarchy,^ and even, in some specimens, 
towards a differentiation of the xylem into inner and outer zones. 

On the assumption of Tansley ’s theory —and there is much in favour of 
the primitiveness of cndarchy amongst the ancestors of vascular plants 
as a whole “—the ‘ mesarch ’ o stems arc to be considered as having made 
a slight advance upon the primitive condition, particularly in those cases 
where there is differentiation of the internal wood.'* True endarchy is met 
with in some branches of a stems and in the ji stems ; its occurrence in 
R. cylindrica, however, cannot be considered as having any bearing upon 
the primitiveness of the vascular structure ; for in a stem branches it repre- 
sents a derived and reduced condition, due probably to decrease of vigour, 
and in 3 type.s, if the argument of concentration under the influence of 
a water habitat be tenable, the same condition is again due to reduction. 

From a study of the Fossil Osmundaccae, Kidston and Gwynne- 
\'aughan“ conclude that the ance.stral form of this group must have 
possessed an exarch protostcle ; and Lady Isabel Browne'' is of the opinion 
that exarchy represents the primitive condition of the Pteridophyta as 
a whole, Bertrand,' however, considers that if the protostcle is to be 
regarded as the original stelar t\-pc, its protoxylem groups were most likely 
slightly immersed. 

.According to any of the above views, it is evident tliat tyjrical specimens 
of Rachiopteris tp'/rWr/ivt— apart from the cases wliere endarchy occurs as 
a state of reduction— show some divergence from the ancestral structure. 

A consideration of Bertrand's theory of the ' ctoile libero-ligneuse or 
‘ asteiostcle suggests that such form.s as the mc.sarch a stems of R. cyhn- 
inca may be more primitive than truly cndarch forms, since tlicy may 
represent a stage in the condensation of an ancestral rayed structure like 
that of Cladoxyloir. the cndarch condition itself, according to Bertrand, 
denotes a very advanced state of condensation. It has certainly been 
shown that, in a stem branches, endarchy results from the condensation of 
a dispersed condition of the protoxylem groups ; as mentioned above, this 
|niay be due to a decrease of vigour. In d stems, endarchy is considered to 
be due to the action of environment, causing concentration of the vascular 
tissues, Since, in these c.iscs, the occurrence of endarchy may be explained 
pn phy.siological grounds, it can hardly be accorded any phylogenetic 

’ c., p]i. i.| and 15. " Hrownc .,’0^'. }>• l.insley ; 0.'' , ]\ 15. 

^ Gnreion GlO), p. ^00. ^ 1 , c., p. 777. * '■•i !’• 

' !• c,, (’12), p. J63. * Uerlraiid ('1*2), pp. ^49-61. 



562 Bancroft. — A Contribution to our 

significance. It is only possible to say that if the theory of the a.^crostel,; 
be tenable, typical examples of R. cylindrica represent a stage much in 
advance of the primitive condition. 

According to Lignier,* the primitive vascular system was a sqUj 
exarch xylem mass ; during the course of evolution this undcrivent a 
process of dissection and of subsequent concentration which, to a certain 
extent, recalls the behaviour of Bertrand's asterostele. Lignier’s theory 
again, would’place R. cylindrica far from the original type. 

It is therefore impossible to say with certainty whether the sk\t 
of R. cytimirka is more or less highly organized than those of rclateo 
species; it is, however, reasonable to conclude that typical examples are 
not primitive according to any of the theories mentioned above. 

ii. The llonudogy of the Leaf. 

A comparison of the methods of stem-branching and leaf-production 
in R. cylindrica provides evidence in favour of the view, suggested by 
Bower - in 1 SSq, that stem and leaf arc homologous branches of a prinii. 
tively undifferentiated and dichotomous system. This view is now the 
basis of the hypothesis set forth by Potonie,-' Hallicr,* Lignier,® Tansley,' 
and Bertrand’; according to Tansley it ‘carries with it the necessity 
of looking upon the branching away of the leaf-trace from the vascular 
system of the stem as in origin a separation of the vascular strand into 
branches of equivalent morphological status 

Stem-branching and leaf-production have been described in R.nlm- 
drica, and it is evident that the two processes are essentially the same 
in origin. In branching, however, the completion of both branch stele.s 
is ensured by the formation of metaxylem elements below the actual level of 
their sepanation (see PI. XXVI, Pigs. and 9; I ext- fig. 7); in leaf-production, 
on the other hand, only the stem stele is completed in this way, for at the 

r Lij;nier, O. : Organisation profrrossivc ilu parcoiirs dcs faisetaua libt'ro-ligntnx rVins le m.!:- 
ph)le des Phylliiiccs. Bull. Soc. But. de trance, t. 5??, 191 1, p. 29. 

Liynicr, O. : Essai sujcles Iransforraations de la slcle piiiuilivc dans I cmbranvhcmuit 
rhyllinces. Bull. Soc. Bol. de trance, t. 58, 1911, p. [S;]. 

2 Bower, F. O. : On ihe Ccinparative Morphology of ihe Leaf in ihe Vascular 
Gymr. 05 i)crn. 5 . I'hil. Trans. Key. Soc., 1 ’-, voL 17;, 1S84, p. 565. Sue p. Co;. (Bower hr, w 
abandoned this theory.) 

’ Folonic, H. : Kin lilick in die Gcschiohle dcr botanischen Morpholosic ur.J dcr lVnc«»iti- 
ihtoric. 1903, p. 33. 

See also I.ehrbachdcr Fflanzcnpalaeontologie, 1899, pp* other refereiico. ^ 

* Hallkr, IL: Beitiaj^e zur Morphogenic dcr Sporophyllc und des Trophophylls in 

ziir rhylogenie dtr Koimophytcn. Jahrb. dcr HainLurgischen wissenschaftlichca .Vnstalti-r, i;)- 
1901 (^ublishtd 1902). See p. 45 and p. 104. • . , 1,, 

® Lignier, O. : Fssai sur revolution morpholognjuc du Rcgne \igLtal. Bull. Sov. I uin. 
Normandie, stir. 6, vol. 3, 190S-9, p. 35. Reprinted, igi 1. Sec other references also. 

® 1 . c., p. I of reprint. ^ 1 - c. I’P- ' C ^'■^'1 P' 

* 1 . c., p. 3 of re{<rint (cf. New. I’liyt-, vol. fiy 19 ® 7 » !'• 
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place of separation the leaf-trace does not appear to possess any adaxial 
tnetaxylen' (Ph XXVI, Figs. 6 and 9 ; Text-figs. 8 and 9). A fevv elements 
Piay be developed higher in the petiolar trace, but at a slightly higher level 
still they tend to disappear again ; their formation may be regarded ns 
indicating an earlier condition similar to that seen in Botryopteris antiqtia. 
in which some adaxial metaxylem is present at the level where the trace 
separates from the stem stele, and which is therefore .still more .suggestive of 
modified stem-branching. 

This view of the origin of the leaf is further supported by the similar 
behaviour of the protoxylem in branching and in leaf formation. In 
n types, the protoxylem group of both branch- and leaf-traces divides more 
or less definitely; in types, no divi.sion normally takes place in either 
instance. 

VI. SUMMAKV. 

I. Distribution and Horizon, p. 

Rachioptcris cyHndrica appears to be restricted to the Halifax- 
Huddersfield area, where it occurs in the notlule.s of the Halifax Hard 
Bed of Lower Coal .Measure Age. 

2. Destription, p. .',32. 

The stems and their corresponding pctiole.s ma)- be referred to two 
types, described as a and ,3 respectively. 

i, 11 .stems are characterized by a wc-ll-developed xylem strand exhibit- 
ing a marked tendency towards mcsarch structure, with differentiation 
of the central elements ; the inner and middle cortical areas have fairly 
thick-walled cells, while the outer cortex i.s composed of a few layers of 
thin-walled cells, suggestive of an assimilatory tissue, a petioles also have 
well-developed xylem strands, frequently with distinct diarch structure ; 
their cortex is like that of o stems. 

ii. ji stems possess only a small monarch, centrarch xylem strand. 
The cortex is wide and composed of thin-w.alled cells; the middle area 
is more or less lacunar, and the outer layers of the stem seem to be of the 
snme nature as those of n stems. The corresponding petioles have also 
a wide cortex, and a reduced xylem strand which is always monarch, 

3. Tbe Significance of the Occurrence of « and types, p. 553. 

It is probable that the differences of structure between the a and 
d types throw some light on the autecology of Rachioptens cyliinlnca, 
which, it is suggested, was amphibious, a and ji plants being respectively its 
land and water ccads. 

q. Relationships, p. 534. 

cylindrica seems to be closely allied to Botryopteris antiqna, 
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B. ramosa, and B. kirsuta. So far as the foliar trace is concerned, the four 
species form a progressive series from the relatively primitive 11 . antique to 
the tridentate types, R. cylindrica representing an intermediate term, 
B. forensu does not appear to be very nearly related to this group of 
British species. 

,5. The Primitivmess of the Stelar Condition, p. 561. 

Typical steles of R. cylindrica show .some divergence from the primitive 
condition, whether this is considered to be an endarch or an exarch proto, 
stele, or an asterostele. 

6. The Homology of the Leaf, p. 

The method of separation of the foliar trace in R. cylindrica affords 
support to the view that stem and leaf represent homologous branches 
of a primitively undifferentiated .system. 

University College, 

London. 

Alay, 1915. 


EXPLANATION OF PLATES XXVI AND XXVIl, 

/.t. « protoxylem ; .xi- = inner wockI; xo. * outer \vot>l ; ntnx. « adaxinl niot.'\x)!eni ; = 
sieve-tubes ; /■<■. * pericycle ; e. = tndotlcrmis ; rV. = inner corttx ; m . » iiivUllu ccirux ; rr. - 
cortex; /. = lacunae of middle Ct)rlex; = cavities of outer cortex; rl. » root-traie; 1:. « iv:;. 
trace ; « branch stele ; far. parenchyma ; s. stem ; /. « i>ctiole. 


PLATK XXVI, 


Kachiopicris (yliiuirua. 


Fi-’. I. A typical a stem, showing the incsatch protoxylem groups, and the slight ili(l(.rc:i::.i:idr; 
of the internal woo<L Note the somewhat concentric inner la\ers of the corte.x; the thin-wjllto 
crushed cells composing the outer cortex, and the cavities in this layer, x jj. Aiii': 

collection.) 

Fig. 2. A centr.arch a stem, x ^7. (From K 2\ d, University College, l.ondon.j 

P ig. 3. A 5 stem, showing the small stele, with central protoxylem, and the wide c: 

thin-walled cclL. At r, a rof»l has just passe<l out; in the cortex is a small kaf-tratc; 
lacunar structure of the mid‘lle cortex is shown, x 27. (From K ZJ rf, University College. In.': 

Fig, 4. A $ stem, in which the mid<lle cortex possc'ses large lacunae. 1 he stele <>1 ths .CcH 

rloes not show the typic.al condition, as it possesses (wo protnxyle-in groups, x ifrom is.'. 


Cash collection.) 

Fig. 5. An a stem in which the stele is preparing for dichotomy. Tlie Irani h-stclc i; 
smaller than the parent stele; it possesses two juotoxykm grou])S and .some adaxial im-taxyl' 
Fig. 6, in which the leaf-trace has no adaxial metaxylem). x 40, (From K21 >1, I- 
College, London.) 

Fig. b. An a stem preparing for leaf-production. Separating parenchymatous cells are 
immediately in front of the single protoxylem of the leaf-trace (cf. Fig. 5). x 40. 
University College, London.) 

Fig. 7. A later stage of the 0 stem .and leaf-trace shown in Fig. 3 ; both stem an- 
possess a small stele, and wide cortex, x 27, (From K 21 r, University College, LoitiUin. 


liv,:;:;}' 


pr^ei: 

K:c-'. 
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u- , 8 A3 stem just above (Hchotomy of the stele j each branch has only one protoxylem 
A root r is passing through the cortex; the aushed outer cortex is indicated at several 


' A root r is passing 
X ^2. (From Q 105, Cash collection.) 


groUP' 

9 A 3 stem preparing for dichotomy, immediately above the level of leaf-trace production. 
Tlie mkidlc cortex is much crushed, x 58. (From K 21 y, University College, London.) 

PLATE XX\IL 


Kaihutpltris cylindrka. 

pifT I The adaxial margin of the bundle in an a petiole just above the separation of the latter 
the stem. The anterior metaxy’em appears to be breaking down, and the protoxylem is 
^ te Note the crushed phloem cells (//<•}, and the transverse section of the pits (//,) on the 
de walls, x 40- (From slide joa-h in Dr. Cordon’s collection.) 

Fig j A petiolar bundle passing through the cortex of a 0 stem. Note the single protoxylem 
roiip Jtrid the imperfectly-ligniM melaxyleiti. x 200. (From K 2ir, I'niversily College, 
tondon.) 

Fig j. The stele of a diarch root, showing the pitted appearance of the endodermis. Certain 
o[ the cells appear to be less resistant than the others ; note particularly a cell a in the neighbourhood 
Ifolicofthe protoxylem groups, x roo. (From K 21 r, University College, London.) 

Ki", 4. A large a stem, showing the origin of two toots, x 40. (.From iQi-d, Or. Gordon’s 
collection.) 











The Origin and Meaning of Medullary (In’traxylary) 
Phloem in the Stems of Dicotyledons. 

I. Cucurbitaceae. 

KV 

W. C. WORSDELL. 

With ten Figures in the Text. 
iNTRODUrriON. 

T he object of botanical investigation, in wliatcvcr department, should 
be to determine, as far as possible, the interrelationship of the various 
facts which are accumulated, and arrange them accordingly ; and not 
merely, as has for so long been the custom, to pile them in a chaotic heap. 
This is well eNcmplified in the case of the study of ‘ internal phloem ’ 
in dicot)'lcdonous stems. By this time we have a large, chaotic heap 
o( facts with regard to this remarkable structure, facts which sadly need 
co-ordination. 

It has been discovered that this inlraxylary phloem occurs in a large 
number of natural orders. In these different orders or groups it is seen to 
assume different forms. Very frequently it occurs as a continuou.s zone 
immediately within the xylem of the central cylinder on the extreme 
periphery of the pith ; or this zone may be broken up into separate groups 
of phloem. Sometimes sucii a plilocm-group is more or less closely 
attached to the inner side of each bundle of the central cylinder. At 
other times the medullary ba.'-t takes the form of numerous separate 
strands scattered throughout the pith. Again, all or some of these features 
may be combined in one and the same plant or natural order. 

The writer's object in the present series of papers is to endeavour 
to demonstrate, in those cases where this is at all possible, the meaning 
and origin of the intraxylary phloem. It is high time that an attempt 
was made in this direction, if the brake on the wlicels of the chariot of 
progress is not to hamper for ever our efforts to obtain a glimpse of the 
unity of Nature in this particular field of anatomical structure. 

The writer considers that medullary phloem represents, probably in 
all cases, a vestigial structure, the remnant of a former system of mcdnllary 
vascular bumilcs in whicli the xylem lias disappeared. This has, indeed, 

Anoalj otBvlany, Vol. XXIX. No. CXVI.Oclol)er,i»is.l 
Pp 
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been hinted at by a few writers in the past, but no serious attempt ever 
seems to have been made to establish the theory, or to view this peculiar 
anatomical feature in its true light. That the surest way of determining 
the nature of a structure or organ is to trace its phylogenetic origin, hardly 
needs demonstration. 

In the case of medullary phloem an attempt to do so will be made in 
a few natural orders where it is not hopelessly difficult. In others, however, 
the structure has become so stereotyped and the intermediate stages m 

its evolution so utterly extinct that the task is impossible. 

As the first of a scries of concrete illustrations of the above thesis, 
the order Cucurbitaceae will be taken. 

HlSTORlC.tL. 

The following notices of work on this subject represent the more 
salient and relevant points brought out by the various authors ^ 

Gdrard concludes, from a study of the transition from root to stem „i 
CucumisMelo and Cuenebita maxima, that the internal pli oem i.s a part 
of the external which becomes situated on the inner face of the bundle,^ 

Petersen, in a general paper on the occurrence of bicollateial buiiu.es 
states that ‘while the outer soft bast always forms an integral part of 
the bundle, this is not in the same degree the case with the inner soft b,id . 

He refers to a continuous series of phenomena, ranging fiom a ntis 
of bicollateral bundles to a ring of normal bundles with a whole jstcni n 
medullary bundles within. He found in the creeping stem of AUml . 
sarcophylla that the four larger bundles of the stem almost in t i 
centrl the pith being crushed, and the intraxylary phloem replaced bj 

“"Sn. found in the .ee. of with a Hrgc: pidi. 

especially the large adventitious ones, that on the medullary m ^ ° ^ 
primary and secondary collateral bundle one or .several longitudinal sene, 
pith-cells divide actively to form a phloem-bundle. 

Weiss determined that all the bundles in Cucurbitaceae are . ■ ■ 

The phloem-bundles scattered in the pith of the stem of ™ 

are branches from the phloem-bundles of the '“fdraces w .1^^^^ 
into the outer ring. In the petioles, where the bundles are ‘ 
a half-moon shape, at the point where the leaf-veins branch 
main trace, the internal unites with the outer phloem, so that 

bundles are no longer bicollateral. , 

Fischer, in a paper on the sieve-tube system of this or , bac^, 
in Ctuurbila Pepo, the transition from hypocotyl to root ^ 
found that the medullary phloem gradually died out. ending b dly 
In the female peduncle the small collateral and the ifoem^st a 
arg associated with the bundles of the inner of the two rings, q 
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anastomose with the latter ; after fertilization they become obliterated, 
afid the conduction of plastic substances is thereafter carried on by the 
usual phloem parts. 

Herail states that the Cucurbitaccae are the only plants which have 
bicollateral bundles, for the development of all three parts of the bundle is 
identical and synchronous. He noted in Znnonmsarcophylla the occurrence 
of interfascicular cambium connecting the bundles of the outer and inner 
lings into a single ring. 

Lamounette has an interesting thesis on the morphological origin 
of the internal phloem in Cucurhtci maxima. He found that in the region 
between the ‘ heel ’ and the finst rootlets of the young hypocotyl the 
external phloem had developed considerably, while the internal phloem was 
being separately initiated by a few divisions in the parenchyma of the pith. 
\o communication was observed between the two. The formation of the 
internal is subsequent to that of the external phloem. The above applies 
also to Cuaimis and Luffa. He concludes (not only for Cucurbitaccae but 
(or other orders investigated) that internal phloem is an abnormal formation 
due to the activity of certain cells of the central conjunctive parenchyma, or 
is the result of the ulterior evolution of these cells ; it has been acquired 
during evolution and then transmitted by heredity. In the cotyledon and 
leaf of Cucurbitaccae the internal is also of later formation than the external 
phloem ; it does not pertain to the procamhium, but has a distinct evolution 
from the parenchyma. He says the term ' bicollateral should be abolished 
in view of the origin of the internal phloem. The Cucurbitaccae afford the 
best example of the acquired secondary dependence of the internal phloem 
on the bundle of the ring ; its more primitive condition is as an independent 
bundle in the pith. 

Scott and Brebncr found in T/iladiantha Julna that the internal 
phloem connects with the external in the medullary ray. In a valuable 
^Uldy of the cour.se of the medullary phloem in plants generally, they 
found that this tissue, during the transition from stem to root, passes out 
and unites with the external phloem. This agrees with vhat has been 
observed in Lagenaria in the present paper. 

Plot, like Lamounette, wilt give no quarter to the term ‘ bicollateral . 
in view of the fret th.it the internal phloem ari.-cs independently from the 
pcrimcdullary zone. 

l^iiranctzky found in the stem oi RhynchocDrf',} aissnUi that an in\eit 
medullary collateral bundle which ran through one internodc and par 

of another, was separated from the bundle of the ling b) l^^oort ree aj ' 

of medullary parenchyma. Some only of the mcduliaiy bundles possesse 

xylem, and this usually died out in some region ot the intcinode in o o\’ 

the bundle cither upwards or downwards. 

In Bijonia liioiea and Zetmeria suavis the same facts \ut le^ar 
r pc 
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to medullary collateral bundles were noted. In the node the xyletn of the 

medullary bundle,s unites with that of the ring. 

He says ■ ‘ The phloem-bundles situated on the inner edges of the 
normal vascular bundles of these plants [Cucurbitaceae] are structures quite 
analogous to the internal vascular bundles in the stems of /?««« and 
RheL The internal phloem-bundles in Cucurbitaceae, when provided 
with their own wood, represent, doubtless, independent vascu ar bundles. 
Their independence is also shown by their branching and by their passing 
from one normal bundle to another. He reaches this conclusion by the 

method of comparative histology. ■ • .u • , , 

He found that the differentiation of the first sieve-tubes in the intcinal 
phloem of i" externa phloem ; 

Lt in the same plant their development may be much earlier. The 
development of the internal phloem-bundles of the Cucurbitaceae is ,ust the 

same as that of the medullary bundles of Polygonaccae,&c. 

‘The appearance of internal bundles m Dicotyledons should be 
regarded not as an anomaly in this type, but rather as the ulterior develop, 
mfnt and perfectioning thereof.' He regards it as an evolutionary deve op- 
ment and cites its occurrence in some Gamopctalae m support of tlj id a, 
Wallace studied the stem structure of Actvw^tcmmn hglanduhsy\^ 
which he found that the bundles are primanly ^ 

after a considerable quantity of secondary ti.ssue is ormed. Ti o o he 
inner bundles are very small , and at first possess phloem only , later on ihej 
acquire xylem, and still later become bicollateral like all the larger bund 
of the two rings. Medullary phloem does not arise simultaneously in rcla- 
Ml .h. .e. bundle, -t ibe b.ein.de : ih. ibree l,,ge 
acquire it then the larger of the two innci bundle^ nex . 
ring, and finally the remaining inner bundle. The ^ 'LTnot 

bundle becom The older petiole has collateral 

accompany the leaf-traces into the leat. I 

^“"‘^Smrd fbund in /’r.e -tiary pbioen^.r^ds m dm .. 

of the stem at the edge of the wood ; they are connected by branches 

the internal-phloem groups of the bundles. „nHlrs of CucurhiU 

Faber, after tracing the development of the 

concluded that the internal 7'^ W existed before any 

point ; he found that the inner and outer phloem 
vessels were formed. The sieve-tubes o t c P 

same procambial strand as the rest o t e un ' ^ outer and 

no diffLnce. either in the development or toldsthe 

the inner phloem. The development of both is «ntripetrd, ^ 
protoxylem. In bundle only did he see two small xylem ^ , 

formed from the cambium attached to the inner phloem. He say 
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merely a matter of terminology as to whether such a bundle (the bicol- 
Ijteral) must be regarded as two bundles lying side by side, of which 
one has developed phloem only, or whether the bundle must be called 
bicollateral ; the nature of the bundle is not thereby changed. I do not see 
why it should not be called bicollatcral, as this better expresses the single 
character of the strand ; the development shows that the .second phloem 
belongs to the normal bundle.’ 

Col states that their masked origin and rapidity of formation has led 
to the Cucurbitaceous bundles being passed as bicollatcral. 


OklGIN'.tL OBSERV.VnONS. 

Prelmiuary Remarks. 

As a result of his previous anatomical investigations in other plants, 
the writer has long been convinced that, in order to discover data which 
may throw light on the origin and meaning of an anatomical structure 
of doubtful interpretation occurring in the vegetative shoot, it is generally 
useless to study this latter from the point of view of its developmental data, 
whether culled from the seedling stem (either in it.s epi- or hypocotyledonary 
regions) or from the apical mcristem of the adult stem. For these data 
are likely to throw a minimum of light, or none at all, on the nature of 
a doubtful structure ; on the contrary, they arc often very misleading.' 

The conviction, on the other hand, was readied that a far more use- 
ful mine of information lay in a .--tudy of the mature stem, and especially 
of the more conservative organs of the plant, .such as the peduncle 
and the various appendages of the reproductive axis, as also the foliage- 
Lif. These organs, having undergone lcs,< modification in the course of 
evolution of the plant as a whole, arc likely to e.\hibit in their structure 
more ancestral features, and to reveal the particular character, whose 
raoi phological value it is desired to estimate, in a form nearer to that from 
which it originally sprang than can pos.sibly be the case in the vegetative 
axis. 

All these conclusions, previously arrired at, have been confirmed 
as a result of endeavouns to throw light on the origin of the internal 
phloem in Cucurbitaccac, as will be seen from what will now be brought 
forward. In one or two ca.sc.s. however, it will be noted that a study of 
the vegetative .stem affords most of the necessary data, as in Aiantho- 
^leps and Eeballium. Brief accounts of seedling structure are givvn 
in one or two instances, more for the sake of completeness than 
anything else. 

' Ikrairs reliance on the position .anil moJe of ontogeny of the internal phloem is, from the 
morphological vitw-point, entirely useless. 
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Lagenaria vulgaris. 

Seedling. 

7rt‘»rttto pl.« b«>«« tl.« - tel'. apF»l"»“'Y" "!»■ 

root struct r tracing the structure down, 

where the first a era transverse sections, the internal ' phloem- 

wards by means o a ser phloem-groups immediately 

revolves on i s axis th ough .to 1 P 

pxactlvat the same level. When two su.m rr i 

xvLm Of a single bundle, they pass out on opposite sides o the latter. 
‘I fairly wide pith is present even after root-structure is formcc 

The fate of the iLrnal phloem-groups is thus very differen from 
of thL in the hypocotyl of /V/e, according to hischcrs data, 

and in Cuenrhita mnxinta, according to I.amoiinettc. 

JrL such developmental facts as have just been given Gerard armed 

at (what will be seen to be later) his erroneous conclusions. 

tL is however, one developmental feature of 
VariJus obse vers, besides the present writer, have notcc^ that the mterral 
\anous oubcivc , • j the external P^^loem. It is com- 

rase with other parts of the tissue-plexus, i .us uu-r 

therefore that the internal phloem is a vestigial structure. As , .,r 

therefore, tna ^ ontogeny. Hor 

!v":.FTber 's observations (see Lve) point in exactly the opposite direction, 

L. clavata. 

Sum. 

TU nne of sclcrotic fibrcs, which is present in all Cuciirbitaceois 
IhS plant. Intmriiatel, «ithin Ih. .cktotic rl.E, occur great c*'. 

■> » »“"r 

cl, ct .rbu.dk.. At tbc iddo .1 tbe buudk. .1 tbe : 

1 The term ‘ Internal phloem’ "ill, ii> the folloomg „( ihc oh" 

„rand which U attached .0 .he '-“‘jf, L emtionchemenl of .he rays Ha; !«■ 
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other cases, nearly half-way between the two rings, are smaller bundles 
possessing a very small amount of xylem. One of these bundles, as seen 
ju a transverse section, taken near the node, had several xylem elements 
altachcd to the outer * side of its internal phloem. 

At the side of one of the bundles of the inner ring or series was seen a 
sisall isolated phloem-strand. This fact is important ; it shows the occur- 
rence of phloem-strands which represent independent bundles; for this 
strand is obviously homologous with a small bundle, possessing a small 
amount of xylem, which was described in the last paragraph. It has thus, 
most probably, lost its xylem and is on the way to extinction. 


L. Icucantha. 

i'etiok. 

besides the cylinder of normal bundles there arc three quite small • 
bundles, one of which, occurring in the ring of large bundles, possesses 
a little xylem. The remaining small strands, occurring in the pith, possess 
phloem only ; if traced higher up, one of these latter is seen to fuse with the 
internal phloem of one of the bundles of the ring ; the other two appear to 
die out above. In the highest part of the petiole, where the medullary 
cavity occurs, there is no sign of any of the small strands. These latter 
evidently represent an interior system or ring of vascular bundles. 

L. clavata. 

Peduncle. 

In the middle typical pait of the organ there is a central pith-cavity 
surrounded by an irregular, sinuous ring 01 bicollatcral bundles, evidently 
formed by the radial congestion of two tings, A portion of one of the 
bundles has its intern.il phloem widely separated from the xylem and 
from the internal phloem of the major portion of the bundle; this medul- 
lary phloem-strand is thus quasi-indepeiulcnt. At the side of one of the 
ring-bundles, near the inner cmbouchcmcnt of the ray, is a very small 
normally-orientated vascular bundle. At the inner embouchement of 
.mother ra\', and alongside the internal-phloem group of the adjoining 
ring-bundle, is a very small inverted vascular bundle. Us position an 
appearance suggest that it repre.<cnts a fellow-strand of the internal phloem 
of the ring-bundle. This is supported by the fact atlachcd to the 
euUr side of the internal phlcein of two or thice of the ling bun es, » 
from one to a few xylem elements. This is due to the fusion, at least in 

‘ Whereva this Ictm i. in the «,ne connexion h,xr lolnoKC to .he p.ul. of the otjanss 
d wbulp, iiol lo ihoie of the individual bundle. 
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some cases, of a small inverted bundle with the internal-phloem group 
This phenomenon will be referred to hereafter in the case of another 
plant, and will then be commented ou, as it is a fact of first importance. 

In the basal region of the peduncle the ring of bundles is quite normil 
and none of the small bundles occur. 

Cucurbita Pepo. 

SfL'dlin^. 

The transition to root-structure occurs just below the ‘ heel As the' 
ptotoxylem of each bundle divides and turns outwards, portions of the 
internal-phloem strand also branch off on cither side and pass out to unite 
with the external phloem ; this is easily observed, as the albuminous cells 
are particularly abundant and well-defined. Thi.s ‘ pas.sing out ' of the 
internal phloem is deduced from the fact that at this level connexions 
between the internal and external phloem occur, which phenomenon is not 
present above and below this region, and that the internal phloem decreases 
greatly in amount at a lo'ocr level. There would not occur the above- 
mentioned connexions of the external with the internal pliloem if the latter 
merely died out in situ. The connexions, consisting of groups of alhuminous 
cells in the rays between the bundles, therefore indicate a passing out 
of a portion of the internal phloem. Now, it is an interesting fact that no: 
all the interna! phloem passes out. The protoxylems revolve, a 
conliiiHotis i-yUnder of wood is formed before the latter process is complete 
so that scattered elements of internal phloem arc left behind and enclosed 
in the wide pith, and eventually die out below. The conclusions oi 
I.aniounctte and I'ischcr arc thus only very partially correct in regard 
to this genus. The former relied far loo much on the misleading data 
of the ontogeny. 


Stem. 

In the .subacrial portion, some distance beyond the ycllow-coloural 
underground part, the cambium of the internal iihlocm has, in mosto: 
the bundles of the ring, developed a large amount of x>lem which 
consists mainly of parenchyma, with vessels and fibres in some of tl;c 
bundles. The phloem of these bundles is connected with that ol the 
ring-bundles by commissural strands ; the wood)- part of the xylcm a> 
pears to die out at a lower level, to reappear again in the )-ello\v under- 
ground portion. 

In another plant, at the lowest node, a few inche.s above the barf 
of the stem, where the yellow portion of the latter begins, tire intern, i- 
phlocm groups send off branches abundantly both to the external ph'oeii 
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jnd to each other. The wide rays are filled with separate phloem-strands. 
The internal-phloem groups also give oJf smaller branches, pursuing a very 
irregular twisting course, into the pith, when small phloem-groups are seen 
occur-, some of these latter possess, at least during part of their course, 
xylfoi' 

, This structure of the node is not a haphazard one. The node is 
the most conservative portion of the vegetative stem. In the absence 
of any convincing proof of the presence of a physiological cause to account 
for the supernumerary medullary phloem-strands and bundles, their 
presence may be regarded as an ancestral trait, probably representing the 
vestiges of a former medullary bundle-system. The fact that they belong 
to the same system of strands as the ordinary internal-phloem strands of 
the ring-bundles, shown by their fusions therewith, is an indication that the 
ordinary internal-phloem strands really represent independent bundles 
which have, in the majority of cases, lost their .vylcm through degeneration. 


Peduncle of Male Flower. 

In the upper part one or two of the bundles of the ring have 
a few primary xylem elements on the pith-side of the internal phloem, 
which, lower down, along with a little phloem, pass off as a small medullary 
bundle, whose xylcm, at a still lower level, dies out. In other words, 
a phloem-strand of the pitli, if traced upwards, becomes a vascular bundle, 
which, at a still higher level, fuses with the internal phloem of one of 
the ring-bundles. This phloem-strand was not traced to its conclusion 
in the lower part of the peduncle ; it probably ended blindly in the pith. 


Peduncle of Female FLieer. 

In a }oung peduncle examined there were seven phloem-strands 
situated in the pith near the bundles of the cylinder ; they were about 
the same size as the internal-phloem strands of the latter, but quite cir- 
cular in shape. Sonic have a smaller phloem-strand lying near them , 
these smaller str.ands also occur in the rays and pericycle, and are very 
numerous ; farther down they’ cither fuse with the larger strands (inteinal- 
phlocm groups or medullary ones) or else die out in situ. The laiger 
iicdullary strands were not followed to their ending. Some of these latter 

I avc a vessel or two attached to them, chiefly on the outer side. 

In a mature peduncle bearing a fruit it was observed that in the upper 
egion below the fruit occurred great numbers of small i.u iously-orientated 
'asiular bundles in the pith, nearer the m.irgin than the centre of the 
alter, as also along the inner sides of the ring-bundles at the embouche- 
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mcnt of the rays. Three of these bundles were traced downwards ; frcj, 
one of them, whose xylcm was directed outwards, three or four mijiute 
phloem-strands became 'separated off, which eventually fused with an 
internal-phloem group. The bundle itself fused with one of two 
bundles lying oppo.site the adjoining ring-bundle, the product of fusion 
farther down fusing with this ring-bundle, i. e. with its internal phloem; 
the remaining one of the two bundles just mentioned dwindled greatly 



Km. I. Otuurkl'X 'Hit tissue of ihu uuitino indimdc, in itansutfs mtii), 

>iiotvni ’ scatttrcU an<i iruieycmitnt iuttrnal-plilooni .'Irninis and ijiindlis ; ibu I.rUu! 
uritntaud, and one or two with ami-hivas.nl sliuoturv. rt, vascular Imndlt- ol the ; 

ip, internal i-hloern ; ipl', mcdtillary bundle or hwrdic of al normal ni>(;, homolotens indi ina..a- 
ifhloem’. X [I. 


in size, and finally appeared to die out so closi' to the larj^c intcnitil-phl'On 
group that it practically amounted to a fusion therewith. 

Another small inverted medullary bundle, on being traced dowmvtiits, 
was seen to fu.se with the internal-phloem group opposite to it ; altct 
the fu.sion the .xylcm of the former occupied a lateral po.-ition in tlic resu-t- 
ing large phloem-group ; farther down it appeared embedded in the middle, 
remaining so as far as it was traced, so that the phenomenon occiined o 
an internal-phloem group with central xylem. 

In another fruit-peduncle there were one or two rings of large bum 
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coraposing the cylinder, with here and there much smaller bundles in 
the pith closely adjoining them or on their sides ; these small bundles are 
inverted collateral or amphivasal in structure. The internal phloem of the 
large bundles of the ring has the form of a detached, large, rounded strand 
encircled by a cambium which, in nearly all cases, has formed some tissue 
which has the characters of the xylem parenchyma of the main bundle ■ it 
is usually most greatly developed on the inner (pith) side ; in only one case 
was a smalt, group of vessels seen attached to the inner side of the 
internal phloem ; but the soft-walled tissue formed by the cambium may be 
regarded as xylem. Not only are there distinct evidences of the scattered 
arrangement of the bundles of the cylinder, but there is also a distinct 
tendency in these towards amphivasal structure, for the bundle whose 
internal-phloem group possessed vcs.scls was concentric, the phloem being 
completely encircled by the xylem; all the other bundles are very 
V-shaped. 

The above-described fusion of a .small medullary va.scular bundle with 
an internal-phloem group leads to tlie conclusion tliat the latter represents 
an independent vascular bundle which h.is lo.st its xylem, for the medullary 
bundle becomes one witli it, and the internal-phloem group becomes, at 
a lower level, a vascular bundle. 

No case is known in any plant of a vascular bundle fusing with the emUr 
phloem of a bundle of the cylinder. Hcncc the internal phloem is not the 
equivalent of the outer phloem, in the sense of forming a constituent part of 
the bundle of the ring, but must be regarded as an independent bundle of 
the [jilh. This view is again strongly supported by the facts recorded in the 
second fruit-peduncle : the independent char.ictcr of the rounded internal- 
phloem group, with its parcnch) matous and, in some cases, woody .xylem. 
It clearly represents an incomplclcly formed amphivasal vascular bundle, 
and is probably a ve.stigial structure. The bundles of the cylinder are also 
clearly more or less perfect or imperfect arapliivasal bundles. The whole 
thus constitutes, in the writer’s opinion, the vestige of a scattered system 
of bundles composed of .several scries or irregular rings ; the internal- 
phloem groups attached to each ring of bundles would represent always, on 
this view, a distinct series or ring of bundles (cf l-'ig. 9). 

C. foetidissima iCucumis perennisl. 

.Stem. 

In the extreme ba.sal region is a single bundle-ring of quite cylindrical 
contoui' and composed of about twelve bundles of various sizes and rathei 
clo.scly approximated, the large internal-phloem masses occiip)'iiig almost 
the entire pith. At a higher level the number ol bundles is greatly 
increased and the ring is no longer of cylindrical contour, but exceedingly 
sinuous, consisting of five arms. In the outer or pericjclic zone ol the 
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cylinder occur great numbers of small phloem-strands ; of these some 
viz. the most rudimentary, occurring immediately within the sclerotic ring 
arc those met with in this region in most Cucurbitaceae ; but others, repre' 
senting an extension of this system, are larger, of varying size, irregularly 
grouped, and occurring chiefly between the protrusions of the bundlc-rino- 
Those, however, which approximate to the ends of the latter, and thus tond 
to form part of the bundle-ring , some xylem. It is thus evident that 
there are transitions between the tiny phloem-strands of the extreme outer 
edge of the cylinder and the vascular bundles of the ring. It was not a,sccr- 
tained whether the tiny outer vascular bundles unite with the bundles 
composing the ring-protrusions or whether they die out at a higher level ; 


FlC. 2. Cnthr'itajoiliiitaima. Ttan^vcis*.- of a sroal! portiftn of the central tylimUr 
of the stem, showing si trfliisition Ijei'vctn ihf buntlles oJ the riny and the sinnll pliloeni-strands i,'"’. 
of the extreme periphery’ of the cylinder ; these latter representing vestiges of former vascular 
luudlcs. r)', ‘ internal phloem iT, sclerotic ^one. x 27. 

this is immaterial ; it is certain, however, that the tiny phloem-strands 
do die out at a higher level. 

We may conclude that the tiny phloem-strands and bundles described 
represent the vestigial remains of one or more outermost series or rinp 
of bundles. In other words, there arc in this stem clear traces of an 
ancestral scattered bundle-system, such as occurs in Monocotyledons. The 
peculiar sinuous contour of the bundle-ring, so characteristic of the Cucurbi- 
taceae, can also be explained. It represents an attempt to condense all the 
rings or series into a single ring, the contour of which becomes more 
and more cylindrical and even and the individual bundles (or some of them) 
larger as the base of the stem is approached. The sclerotic ring, situated, 
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as a rule, near the periphery of the stem, just as in Monocotyledons limits 
js is the case in this class, the central cylinder. 

In this species we thus discover in the stem the existence of ve.stigial 
remains of outer series of bundles pertaining to the original scattered 
system ; in the last species we found the vestiges of an inner series of 
bundles belonging to the same scattered system. 

Cucumis sativus. 

Slcm. 

As far down as a few millimetres or so below the point at which 
the green portion of the stem terminates the structure offers nothing 
of particular interest. But at about that level, where the stem has become 
very deeply lobed and fluted into six columns, each of which is traversed 
by a bundle, the majority of these bundles has each, in place of the ordinary 
intcrml-phloem strand, an inverted vascular bundle} often more than half its 
own .size, a large amount of .xylem being present, including vessels and 
fibres. 

In another stem the external phloem is connected with the internal by 
‘ commissural strands ’ which also often have a cambium and a few xylem 
elements formed at the flanks of the xylem of the main bundle ; this latter 
is often quite surrounded by phloem. 

It is thus in the laxvcr part of the stem only that the internal-phloem 
strand is represented by a vascular bundle. 

C. echinophorus. 

Petiole. 

In the typical region, where the groove occurs on the upper side, 
is a complete circle of bundles : but tho.-;e on the median upper side opposite 
the groove arc rudimentary, having one or two or no xylem elements and 
a small amount of phloem ; two. at any rate, are represented by .small 
phloem-strands only. One of the bundles near the end of what (when the 
ventral bundles have died out lower down) will become the arc has several 
xylem elements developed on the outer .side of the internal phloem, forming 
a quite distinct and individualized inverted bundle. 

Cucumis Melo. 

Peduncle of Fruit. 

The double scries of bundles is practically constituted as a single ling. 

A few of the bundles have txi'o internal-phloem strands, one behind the 
other in the same radial line ; in one case the extra (innermost) stiand 
* Soleredcr wakes no meniiou ol tins. 
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appeared to be double. These facts also strongly support the view that the 
internal phloem represents an independent bundle. 

Two or three of the internal-phloem strands posse.ss woody elements 
(vessels and fibres) on their outer side, a fact which of course rounds off the 
evidence, already partly supplied by the above-mentioned facts, that the 
internal phloem in this genus represents an independent bundle which 1ms, 
for the most part, lost its xylem. 

Citrullus vulgaris. 

Seedling. 

In the transitional region between the hypocotyl and the root the 
internal-phloem strands, of which each bundle may have two or three, pass 
out along the side of the bundle .and unite with the external phloem, leaving 
the bundles completely free from internal phloem before the protovylcm 
begins to rotate. 

This phenomenon, which was also noted in Lagcmnia, appears to 
prove that tlie inU-rnal-pMocm strand is not a constitnent part ,f the hmuilc, 
as it moves quite independently of the latter, and at a different tiiiit. 
behaving, in fact, exactly like an independent medullary bundle. 

C. ecirrhosus. 

Stem. 

Tliis plant was collected by the writer in the Xamib desert of Damara- 
land in 1910. The stem is prostrate and trailing, with a structure like that 

of a root, for there is hardly any pith. 
There is a large amount of secondary 
wood, with wide-lumincd ve.sscls. 

The usual internal phloem is prcsiiit, 
The rays arc wide. 

The limit of the cylinder is indicated 
by isolated groups of fibres. 

Pcdumle of I'rnit. 

In the swollen p.art of this organ 
immediately below the attachment of the 
fruit is a ring of bundles) possessing no. 
nearly so much secondary wood as m lb 
Fm.3. Citrulkncdrrhonn. Terns- casc of the stem-bundles, and enclosing 
verse section of the ring'-bunJles and in. ^ somewhat wider pith. The 

u-mal-phlocm strands of the stem. x.t. 

represented by vascular bundles which clearly belong to the amphivasal typt 
but, in some cases, arc reduced therefrom, having xylem on their onto ■ 
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„„ly ; one or two, however, have xylem completely, or in the case of others 
incompletely, surrounding the phloem. The cambium entirely surrounds 
,//the bundles. The outer portion of the xylem of these bundles abuts 
very closely, only separated by one to three parenchyma elements on 
the protoxylem of the ring-bundle. The xylem of the amphivasal bundle 
cohsists for the most part of short fibres with rudimentary bordered 
pits in their walls, quite similar to tho.se of the wood of the ring-bundle 
But the elements nearest the protoxylem of the latter are rather shorter 
,vith rather thinner lignified walls, covered with very numerous simple’ 
pits, and with very slightly oblique end-walls. All the internal bundles 
show a tendency to doubling, their xylem consi.sting of two arc-shaped 
strands more or less united in the tangential plane. 

Here and there in the cylinder is 
a curious group of bundles : on one 
or both sides of one or more of its 
large bundles, a much smaller bundle 
of the cylinder occupies an oblique 
position in the angle between the large 
bundle of the cylinder and the internal 
(medullary) bundle ; the latter is aKo 
somewhat obliquely placed. The cn- 
pkination probably is that an attempt is 
here being made to merge the bundle 
of the cylinder and the internal imcdid- 
larj') bundle into a more closely com- 
pacted and better organized whole, viz. 
into a large concentric (amphiphloic) 
bundle.' from the morpliolcgkiit |)oint 
of view the .structure indicates the onto- 
genetic origin of the internal-phloem 
bundles from tlic ring-bundles, for the obliepuely situated strand represents 
one of the former which is imperfectly separated off from one of the latter. 
The arc-shape of the jrhlocm of the ring-bundle causes the oblique position 
of the strand above mentioned ; and wc can find in these facts an e.\- 
planatioii of the inverted orientation of the internal-phloem bundles, for if 
we imagine the oblique strand p.assing further towards the pith, it would, 
as u e know from the analogy of similar cases, revolve further on its axis 
so as to eventually assume an inverted position. Tltis is, indeed, exactly 
what happens when the intcrn.il-phlocm strands (which represent thc.se 
bundles in the hypocotyl) pass inwards from the phloem of the ring- 
bundle; the phloem-strand (imperfect bundle) revolves on its a.xis and on 
■ caching the pith assumes an inverted position. 

* Cf. I'ase «>f Atanthosiiyoi and the ‘ stele ol I'limulnveae. 



I'l'.- 4. Ci'oH'.hi (ihrJmu:. Trcins- 
vvrjv seeiiuii oi central cylinder of fruiting 
jc-duircUh -showing the indejicndent iniem.il- 
) tdiiidU-? iphy ‘ inttm.’’,! iihloem”; 

. “Ctiridic /oily, x li. 
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As the basal portion of the peduncle is approached the xylem of 
the internal amphivasal bundles gradually becomes extinct. The imut 
xylem, where it is present, disappears first, to be followed eventually by 
the outer xylem, until, in the narrow basal part, the structure i.s pre. 
cisely that of the vegetative stem, with internal phloem only. 

At the node., representing the point of origin of the peduncle, s()bi( 
of the medullary bundles have well-developed outer xylem. 

The occurrence of complete vascular bundles, with inverse orientation^ 
in the place of the internal-phloem strands, in the upper part of the fruiting 
peduncle is probably an adaptation to meet the structural requirements 
arising from the attachment of a large fruit. As the xylem of the internal 
bundle consists in its major portion of fibres, and exhibits very few vc.sscls, 
the function is doubtless mainly a mechanical one, viz. to meet and resist 
tension strains, which would be severest in that part of the peduncle. 

Now, if the internal phloem of the stem and lower part of the peduncle 
represents, on the ordinary academic view, an indissoluble constituent of the 
bundle of the cylinder, of no particular morphological value, the intercila. 
tion of xylem between this internal phloem and the xylem of the rln;. 
bundle would appear strange and anomalous and no meaning could be 
attached to it, unless the internal phloem is to be regarded as the last 
vestige of a phloem which entirely surrounded the xylem in an origira: 
concentr/c bundle. There is, hoivever, no evidence that the bundles of the 
axial organs of Cucurbitaceae were originally amphiphloic in slructuie. 
If on the other hand, the internal phloem represent.s the vestige of an 
original medullary amphivasal bundle, then the reappearance of its xylem 
for the purposes above described is easily understood, for the new mechani- 
cal elements arc laid down in the place, so to speak, of least resistance, tc, 
where they formerly existed in the axis of the ancestor, the reversion to the 
primitive condition being easily invoked by the stimulus of the tcnsion-sti aa 

As has been mentioned above, the tendency to form large conccntiic 
amphiphloic bundles docs occur, but this is not to be regarded as haviiij 
a reversionary significance, for it is purely adaptational. 

Ecballium Elaterium. 

5 tem. 

In the loreer part the internal phloem is replaced by large compkte 
bundles separated some little distance from the protoxylem of the cylmdei 
by ground tissue ; its cambium has formed a very large amount ol 
chymatous tissue, mostly pertaining to the xylem, amongst which m roo 
bundle are from one to several vessels or fibres situated on the onto ' 
of the phloem-strand (cf. Fig. 9)- 
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The peduncle has nothing of interest in its structure. 



Kid. .V Eiballitun Elaienum. Transverse sccUon of 
' Kitctiial-pWocm ’ bundles, iph, * iiUernal phlocra x 1 1. 


stern-base showing llic independent 


Trichosanthes anguina. 

Stem. 

Two of the bundles of the inner of the two rings or series have 
no internal phloem at all, nor do they possess protoxylem, so that they 
may represent secondary structures. 

Peduncle of Print. 

Ill the inner fleshy rind of the fruit arc great numbers of small 
variously-orientated and constructed bundles, many of which are devoid of 
sylem. At a lower level, i. c. in the upper part of the peduncle, the vascular 
system consists of two rings or scries of normal bicollatcral bundles, and 
within these, in the pith, arc a few bundles representing those above 
mentioned, which have descended from the inner rind of the fruit. One of 
these medullary bundles consists of a rounded phloem-strand with xylem 
elements situated at intervals round the greater part of its periphery ; 
another had a little xylem on its outer side, apparently formed by a cam- 
bium ; others consisted of phloem only. At a lower level in the peduncle 
all these medullary bundles or phloem-groups unite with the internal- 
phloem strands of the bundles of the inner ring ; at a still lower level one 
of these internal-phloem strands apparently had several xylem elements in 
its midst, due to its fusion with a medullary bundle. 

If we regard the structure as traced upwards Irom the base, we see the 
internal-phloem strands of the inner ring of bundles branching and giving 
rise to independent phloem-strands or vascular bundles, as the case may be, 
which constitute a distinct medullary system ; the xylem of the vascular 
bundles which arise in this w.ay is apparently differentiated either, as in the 
above instance, before the bundle leaves the internal phloem-strand or 
at a later period. 

The above-described structure of the peduncle is an interesting one, for, 

Qq 
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inasmuch as the medullary bundles are shown as arising from the internal 
phloem-strands, it follows that tfuse latter must be regarded as forming pan 
and parcel of the same system of medullary bundles. 

Acanthoslcyos horrldus.' 

The material of this plant was collected by the writer on a sand- 
mound at a Hottentot village about two miles inland from Walfisch Bay in 
South-west Africa. 

Aerial Stem. 

The rigid branched stems are devoid of leaves, the place of each leaf 
being occupied by a pair of woody cylindric stipules in the form of spines, 

The cortex is very narrow. The sclerotic zone limiting the central 
cylinder externally has a very sinuous outline, forming a number of deep 
intrusions on the flanks of and around the points of which the periderm 
occurs. These sclerotic intrusions correspond in number to, and are 
opposite, the main bundles of the cylinder. In the bays between the 
sclerotic intrusions occur the very small bundles, one, as a rule, in each bay, 
of the outer ring or series of the cylinder. Each has a small internal 
phloem-strand which is very loosely, i. e. far from intimately, connected 
with the xylem. In one bay there were three small bundles, only one 
of which, viz. the middle one, possessed internal phloem. In the outer 
(cortical) bay formed by each sclerotic intrusion occurs the green assimilat- 
ing tissue of the stem. 

The inner (main) series of bundles of the cylinder, about sixteen or 
seventeen in number, are very well-developed, and each has a large, very 
rounded internal-phloem strand. Of these latter one to three possess xylem, 
consisting of vessels and fibres and a large quantity of parenchyma, on 
the outer side between the phloem and the protoxylem of the bundle. 

There is a fairly wide pith. 

Subterranean Stem. 

This is very thick and woody. 

The same .structure is found as in the aerial stem, but there is 
relatively less xylem attached to the large internal phloem-strands, a fact 
which is probably correlated with the very large amount of wood developed 
in the bundles of the ring. 

Peduncle of Fruit. 

The fruits had at this time (April, 1910) attained a fair size (about that 
of a croquet-ball), but were not yet ripe. 

The structure of the peduncle is, in essentials, the same as that of the 
aerial stem. All the internal-phloem strands have, on their outer side, 

^ Marloth has wriltcn an interesting account of the habit and structure of this jdaiit. 
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3 large amount of xylem, most of which is parenchymatous, but with 
a small group of fibres developed towards the outer side. 

On the other hand, the xylem on the outer side of the internal phloem 
of the outer series of bundles is, in almost every bundle, much more greatly 
developed both as regards parenchymatous and woody elements, sometimes 
equalling that of the bundle itself; both the external and internal phloem 



Fig. 6. Ainnthoiiiyoi horriJus Traiis.- 
veriK' section of |>eduncle, shv'ving two riiijjs 
or Scries of bundles, each with its internal* 
phloem bundles {ifh). rl', vascular bundle 
of the normal ring ; sr, sclerotic rone. 
X II. 



Fio. 7. A(anthosicyo) hsrriiius. Trans* 
\«.rse ><;ctioii of a stn<;lc bundle of the ring 
with its intemabpliloem bundle {ifh) \ the 
esst-iiiial ampliivasal structure of the latter 
is shown by the cambium situated on its 
metlullary side, x 50. 


are very arc-shaped with the concavities, filled with the xylem, opposed to 
each other ; the internal phloem is also much radially extended. The whole 
resembles a large concentric (ainphiphloic) bundle incompletely built up 
owing to the presence of two wide rays, one on cither side, representing the 
ground-tissue areas separating the two large vascular bundles. 


Stipule. 

A cylindric organ resembling a small twig in its structure. 

The outer series of bundles, situated in the bays between the scleiotic 
intrusions, is much better developed than the inner scries. The latter 
are more or less rudimentary, with an almost complete absence of internal 

rrq a 
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phloem. The internal phloem of the exterior bundles is well developed and 
separated from the protoxylem of the bundle by two or three ground-tissue 
elements ; this fact, and the further one that most of the internal-phloem 
strands have xylcm elements attached to their periphery at various points 
shows clearly that the internal phloem of these exterior bundles represents 
an independent bundle, having no morphological connexion with the bunHle 
oppo.site which it occurs. These internal-phloem groups of the outer 
bundle-series doubtless represent the vestige of a former bundle-series 
occurring between the two at present alone existing. 

The structure of Acanthosicyos thus affords plenty of evidence in 
support of the writer’s theory, and nothing which in any way contradicts it, 



K IG. 8. T ransverse section of normal stem of typical Cucorbitaceac, showinj» two scries of 
(i and 2 ), each bundle with its strand of internal iihloem {if). s( * sclerotic rini;. (Diai^iamntatic.! 


Summary and Conclusions. 

The following arc the main results of this investigation : 

1. The more conservative parts of the axial configuration, viz. the 
peduncle, and the node of the vegetative stem, arc those in which ancestral 
traits in the structure are most likely to have been retained. 

2. What are considered to be ancestral features have been found 
in these regions ; but also, in some cases, in the intcmodal region of the 
vegetative stem. 

3. Questions and data relating to the ontogeny, such as the develop- 
ment of the internal phloem (or bundle) from the same desmogen strand 
as the bundle of the ring; or the primary or secondary (cambial) mode 
of development of parts of the internal-phloem bundle, arc of no value 
for throwing light on the origin of the Internal phloem (or bundle). 

4. In the vegetative stem of certain' members of the order, and, 
as a rule, in its lower part only, the internal phloem exists in the /an# 



[Intraxylary) Phloem in the Stems of Dicotyledons /. 587 

nf vascular bundles of which the xylcm exists entirely, or for the most 
part, on the otitcr side. 

5. Distinct vestiges of a medullary system of bundles, having the 
form sometimes of vascular bundles, sometimes of phloem-strands, have 
been found in the peduncle and the node of certain genera. 



Fig. 9. Portion oftrnnsvcr« section of more primitive ty|>e of axis 'e.g. ixKluncle of 
>howiiii; the iiivcrsely*oricntate<l collateral l»«n<lk» from which the internal-phloem strands have Itecii 
; a scattered system of him. lies in four x-rice. • sclerotic rin?. (Diagrammatic, ) 



Fig. 10. Portion of transverse section of the theoretical ancestral tyf^ of stem from which tha^ 
ofCiicurbitaceae is presumably derived. The series of inienial-phlocm bundles \niiiribered a^ia rig. 9- 
^re here in their pro|>er place. The innermost scries arc completely ampliivasal. n. - sc ero ic 
ring. (Diagrammatic.) 

6. The bundles or strands composing this system, on being traced 
upwards or downw.ards, either arise dc imv or fuse with the internal- 
phloem strands ; in any case, the vast m.ijority unite with the latter during 
some part of their course. 
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7. The fact that the xylem of the medullary bundle unites with or 
becomes attached to the internal-phloem strand, and not with the xylem of 
the corresponding bundle of the cylinder, proves that the internal-phloem 
strand represents a distinct vascular bundle of the medullary system which 
has lost its xylem. No case is known in any plant of a bundle fusing with 
the phloem only of a collateral bundle. 

8. In some cases, as in Citridlus ccirrliosus, where the internal phloem 
of the stem is normal, that of the fruiting peduncle has xylem attached 
to its outer side. 

9. In this case a physiologic.al need has been the stimulus evoking 
what is regarded as a reversion to an ancestral structure. 

10. In the peduncle of Acanthosicyos the xylem of the internal phloem 
of the outer series of bundles is very greatly developed, much surpassing 
that of the inner scries. In the twig-like stipule of this plant the 
internal phloem of the outer bundles is clearly seen to be a distinct and 
individualized bundle, for the reasons above given. 

11. The imperfect or rudimentary structure of the intrapcricyclic and 
medullary phloem-strands and of the medullary bundles shows them all to ' 
be ancestral vestiges and not structures in the course of evolution ; for such 
imperfectly functional structures would not have been evolved and preserved. 
Hence the view that the cylinder has been derived from a former scattered 
system of bundles is correct. 

12. The internal- phloem strands, although, as the writer considers, 
vestigial, are as well developed and functional as the phloem of the ring- 
bundles, owing to their having been retained as a useful and necessary 
adjunct to the conducting system. This has led a few authors to .suppose 
that they represent a new product of evolution. 

13. The fact that the internal phloem arises in the course of ontogeny, 
at a later period (as a general rule) than does the phloem of the ring- 
bundles, is in favour of its being vestigial. 

14. In the only cases investigated for this purpose, viz. Lagcnaria, 
Citrullus, and Cuenrbita, it wa.s found that during the ontogeny of the 
stem, viz. in the hypocotyl, the internal-phloem strand arises (as a whole in 
the case of the first two genera, in part in the case of Cuenrbita) fmi 
the phloem of the ring-bundle. This, of course, is the natural and only 
mode of origin in view of the fact that the internal phloem is still fully 
functional and well developed. 

15. The internal-phloem strand (at any rate in the cases of Lagcnarii 
and Citrullus), as it passes inwards from the phloem of the ring-bundle, 
revolves on its axis through an angle of i8o“. 

16. This affords the ontogenetic origin of the inversely-orientated 
internal-phloem bundle. 

17. The morphological origin of this internal-phloem bundle is from 
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an aniphivasal bundle, for this latter is the typical and primitive con- 
dition of medullary bundles wherever they may occur (Fig. 10). 

18, Owing to the fact that some of the outermost amphivasal 
medullary bundles have become approximated to the bundles of the ring 
to form would-be constituents of this latter, only that portion of the 

of the original amphivasal bundle has been retained which is the 
most mechanically serviceable for the ring as a whole, viz. the outer 
portion, or that which is approximated to the xylem of the ring-bundle. 

The inversely-orientated internal-phloem bundle is thus explained. 

19. In the vast majority of cases the xylem which occurs on the 
outer side, or other parts of the periphery, of the internal phloem is 
secotidory in origin, i. e. is derived from a cambium. In a few cases, as 
in that of the outer series of bundles in the stipule and stem of Acantho- 
ji'qw, it appears to bo, at least part of it, primary. The mode of origin 
of the xylem, whether primary or secondary, is, however, a matter of purely 
ontogenetic interest ; it cannot affect the morphological question as to the 
origin of the internal phloem, and is, in this connexion, of no importance. 

ao. This fact of the existence of vascular bundles replacing the internal 
phloem in the stem and peduncle proves that the ‘ bicollateral ’ bundle has 
no existence in the morphological sense, but is a purely descriptive term. 

ii. The ‘ bicollateral ’ bundle of the Cucurbitaceae is a compound 
structure consisting of the more or less intimate association or attach- 
ment of two distinct vascular bundles, of which the innermost has lost 
its xylem. 

li. The collateral bundles composing the two rings or series of the 
cylinder in this order also, in the writer’s opinion, represent reduced amphi- 
vasal bundles. In some plants they arc very V-shaped, with the phloem 
situated between the arms of the xylem. In this feature and in that of the 
large size of the vessels the bundle is sometimes an exact replica of that of 
some Monocotyledons. 

23. In most Cucurbitaceous stems there may be observed in the region 
outside the zone of the two main scries of cylinder bundles, but within the 
sclerotic ring, a few extremely rudimentary phloem-strands. In Cucurbita 
foctidissima evident transitions between these and the bundles of the 
cylinder exist in the form of intermediately-situated vascular bundles. 

24. This last fact shows that the external rudimentary strands repre- 
sent the vestiges of a former outermost scries of bundles of the cylinder. 

25. The existence of the rudimentary phloem-strands just mentioned 
representing reduced vascular bundles helps, in some degree, to 
plausible the view that the fH/i7'Krt/-phloem strands also represent re u c 

vascular bundles. . , , 

26. The sclerotic ring, broken up in some cases into isolated stran , 

marks the limit, as in Monocotyledons, of the central C) lin cr. 
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%’]. The conclusion is reached that the vascular system of Cucurbitaceae 

represents the vestige of a former ancestral scattered system of bundles such 
as obtains in Monocotyledons, of which only two series or rings remain in 
perfect condition, the rest appearing in the form of rudimentary external 
phloem-strands (rarely bundles as well), ' internal-phloem ’ strands, and 
medullary bundles or phloem-strands (Figs. 8, g, to). 

a8. The sinuous contour of the bundle-ring in most Cucurbitaceae 
is the expression of the partial congestion of two bundle-series into one— 
an Intermediate condition between the cylindric and the scattered system. 

ag. Such a structure as the internal-phloem strand must be investi- 
gated both from the morphological and physiological standpoints. Its 
function, ontogeny, and phylogeny must all equally receive consideration. 

The writer is indebted to the authorities of the Royal Gardens, Kew, 
for much of the material used in this study. 
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On the Ribbing of the Seeds of Ginkgo. 

BY 

Miss M. F. A. AFFOURTIT 

AN'D 

Miss H. C. C. LA RIVILRK. 

With a Figure in the Text. 

S OME months ago we received a number of seeds of Ghikgo biloba, 
gathered from a tree growing in a garden at Slikkerveer, in the 
neighbourhood of Rotterdam. 

When the thick, fleshy portion of the seeds had been removed, they 
showed their stony coats ; it was remarkable that these were then of very 
different shapes, even more different than there was reason to anticipate 
from what is mentioned in the literature. Generally, the seeds seem to be 
considered as two-sided, but it appears that already A. Braun ( 1 ) noticed 
a difference in the shape of the stones : as he says (p. 738) ; ‘ Bei Cjinkgo sind 
die Samen normal zweikantig, zuweilen schr rcgelmassig dreikantig.’ 

E. Strasburger states ( 2 . p. 15) : ‘ Das F.ndocarper5chcint,entsprechcnd 
der Gestalt des inneren Raumes, scharf zweikantig, seltener dreikantig.’ 

In G. de Saporta and A. F. .Marion we found ( 3 , p. 139): ‘Sous 
un mesotesta charnu, cile rcnfcrnic un endotesta osseux en forme de coque 
bi- ou tricarcnec.’ They also give drawings of a two- and of a three- 
angled seed (Fig. 69, K. F). 

A. W. Eichlcr ( 4 , p. 109) speaks only of a two-angled form of the stony 
coal, and figures it (Fig. 68, e,/). 

In the more recent literature the threc-anglcd forms are referred to, as 
for instance in the following publications; .A. C. Seward and J. Gowan 
( 5 ,p. 1J4). Carothers (6, p. 126), and A. Sprcchct ( 7 , p. 1S2). The latter 
gives also a drawing (Fig. 124) of a ihrcc-sidcd seed, and writes: ‘La 
plupart des noyaux sclercux out deux edtes. mais on en trouve assez 
frequemment qui cn ont tiois.' 

The relatively lai^c number of seeds we had at our ispo a 
(viz. 117), all derived from a single tree, did not however show such regular 
forms as might be supposed from the published dcsciiptions. t at 
we thought them worth placing on record. For not only did they siow 

lAnnaJs of Botany, VoL XilX. So. CXVI. October, ijisl 
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many gradations between those two regular kinds, i. e. the two- and three- 
ribbed types, but there were also other forms, still undescribcd, as far as we 
are aware. 

Whilst nearly half the number were two-angled, even these were 
not quite regular in form ; three kinds of them could be distinguished 
though the differences between them were rather slight. In most cases the 
sides were equally curved, as in the drawings of Eichler and of Saporta and 
Marion, and as in our own Fig. i, but in some other cases one of them was 
evidently smaller and much flatter than the other. In these cases the 
angle which the two ribs made at the summit and base was always i8o“| so 
that the two ribs formed one straight line, as in Fig. i ; but in a third form 

O O O O 

t » 3 4 

S fi 7 8 d 

© © 0 0 

to n Id 15 

Thirteen kinds of seeds of Cink^o, from which the fleshy coat had been removed ; all seen from 
the top; natural size. Fig. i. Two*anglcd seed. Figs. a-9. Tliree-angled seeds. Fi};s, lo-ij, 
Four-angled seeds. 

this angle was smaller, varying for instance in three cases between 135’ 
and 160°. 

There was also a large number of three-angled seeds, even more than 
half the total number, but the regular form, as that of our Fig. 9, corre- 
sponding also to the figure given by Sprecher, was not so very frequent, as 
only one-fifth of them all had this shape. The remaining four-fifths were 
less regular and showed many transitions between the regular two-ribW 
and the regular Ihree-ribbcd forms. The characteristic shapes were care- 
fully selected and photographed together; they are shown in Figs. 2-f 
at their actual size. Their difference is caused by the inequality in size d 
the three faces, two remaining nearly always equal, the third diminishing 
gradually in size; by comparing the Figs. 8 and a, this diminution of the 
third side is clearly to be seen on the left side of each figure. In Fig- e n 
is so small that this seed approximates to an irregular two-angled one, ih 
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angle between thelower two ridges ofFig.ilyinjj also between i35'’and /do" 

Even in seeds like those resembling our Fig. 8 three different forms might 
be distinguished, although the differences were again not of much importance 
A number of them (ten out of nineteen) ^reed with the figure, in which we 
sec one face occupying one-half of the stone, the two other the remainder 
(n seven specimens, however, the two large sides were of equal size, and in 
the last case (two seeds) the third rib was not entirely developed, as’ it died 
out between the base and the apex. ’ 

Besides these two- and thrce-anglcd forms there were a few four-sided 
ones, only five in number, four of which are represented in our Figs. 10-13. 
The seeds represented in Figs. 10 and it might be regarded as normal 
two-angled ones (like our Fig. i) with two accessory ridges on one of 
the faces. The stone of Fig. ij, on the other hand, looked much more like 
a nearly tegular three-sided one, with a fourth rib on its largest face. 

Fig. 13 was the finest four-angled seed of all, but it was not regular in 
shape 1 two of the faces (the lower and the left-hand ones in the figure) were 
equally large, occupying each one-fourth of the circumference, but in the two 
others one face was larger and the other smaller than that fourth part. 

The fifth and last stone, not represented, resembled both Fig. 10 and 
Fig. 6, the difference from the latter consisting only in the presence of 
a fourth ridge on the smallest of its three sides. 

The number of the seeds available was evidently too small to permit 
any general conclusion, but, on the other hand, as it was large enough 
to give at least an idea as to their frequency, we append the following 
table : 


h'umt>er of 

Xiimf’ir of 

Xumkrofsttds 

ribs. 

SicM. 

of (och kiRd, 

i 

47 

4: (Fig. 1) 

3 

Toul 117 

, 6 (Fig. i) 
i J (FiS. 3) 
5(Fi5.4> 

! 9 (Fig. i) 
i S(f'ig. 6 ) 
JlFig.;) 

19 (Fig. 8) 

>3 (Fig. 9) 
f 2 (.Fig. jo) 

1 1 ;Fig. 11) 

j t iFig. '/) 

\ 1 cFig. 13) 


Thus the two-sided seeds did not dominate at all, as there were only 
40 per cent, of them ; there were even more three-angled ones, i. e. no less 
than 55 per cent., so that it is hardly possible to conclude anything about 
their ordinary feature. VVe can therefore agree entirely with the conclusion 
of Oliver and Salisbury ( 9 , p. 44\ who say : ‘ The facts seem to indicate 
that, whilst the terms “ radiospermic " and “ platyspermic ' have a definite 
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use as morphol(^cal distinctions, our attitude towards them as criteria 
of taxonomic importance may require readjustment. 

The differences in number of ribs on the integument and sclerotcsta, 
respectively, of seeds of one and the same species are also recorded in 
phytopalaeontological literature regarding the seeds of Physostoma and 


of Trigonocarpus. 

As to Physostoma ekgans, Oliver mentions ( 8 , p. 83 ) that in the fifty or 
so specimens that came under observation the number of ribs varied from 

nine to twelve. , r 

There is no mention made of the occurrence of transitional forms 

betiyeen them, like those we describe for our Ginkgo and which were 
so frequent, so that our case may perhaps differ in kind from that of 
Physostoma. 

Salisbury speaks about the seeds of Trtgonocarpus (10, p. 6 ) relatively 
to the accessory ribs occurring sometimes on the separate valves, and 
mostly under vascular bundles of the sarcotesta. Since in Gttikgo, however, 
no valves occur-the stony coat lacking fissures at the place of the ribs- 
and as vascular bundles are absent from the sarcotesta, those seeds cannot, 
as it seems to us, be compared with the seeds here described. 

In the Botanic Garden at Leyden, several Ginkgo trees are in cultiva. 
tion ; one of them, the largest and a very beautiful tree, may be a male one, 
although it has never been known to flower. Another one, much smaller 
and of regular conical form, produced seeds regularly during recent y^rs, 
but probably they were not fertilized, as we never succeeded in making them 
germinate. They were also smaller and had a less developed stony co.fi 
than the seeds described here; these latter were probably fertilized, .as it is 
reported that in former years young seedlings have been found under 
the tree at Slikkeiwcer. 


Summary. 

The stony coats of the seeds of Ginkgo examined, gathered from 
a single tree, showed two, three, or four ribs, and they offered at the same 
time many gradual transitions between the different forms. 


BOTANi’caI. LAtBORATOKV, 
USIVKKSITY, l.F.VDBS. 
Marth. Kjlj. 
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On the Occurrence of Binucleate and Multinucleate 
Cells in Growing Tissues. 

BV 

RUDOLF BEER 

AND 

AGNES ARBER. 

A CONSIDERABLE literature exists concerning multinucleate cells 
in the higher plants, tending to show that such cells are far from 
rare. For some time we have been making a study of the subject, at 
first independently and more recently conjointly. Our observations have 
led us to the conclusion that, in the case of the cortical and medullary 
parenchyma of stems, a stage in which each cell characteristically con- 
tains more than one nucleus often intervenes as a normal phase of develop- 
ment between the meristematic and mature conditions. This stage may 
be highly protracted, or it may be so brief that it is easily overlooked. 
It is most usual to find two nuclei, but the number may be much higher 
in certain species. We have not yet satisfied ourselves as to the fate of 
these nuclei, but there arc indication.s that, at least in some cases, fusions 
occur at a later stage. 

Our present observations would not justify us in saying that the 
binucleate or multinucleate phase is universal, but we have found it so 
widely that we should not be surprised if it eventually proved to be the 
rule rather than the exception. Our preliminary investigation has estab- 
lished the existence of a binucleate or multinucleate phase, of greater 
or less completeness, in the stem org.ins of fifty species of Dicotyledons 
belonging to twenty-seven natural orders and of seventeen species of Mono- 
cotyledons belonging to four orders. These c.ases range from tpecs to small 
annual herbs and include examples both of vegetative and reproductive 
axes. We have at present given most of our attention to stems, but 
we have also noticed multinucleate cells in the leaf-shcaths of seven species 
of Gramincae ' and one species of Araccae, and binucleate cells in the 

^ Multinucleate cells in the stems .sii.l Ic-ut-shcallis of i^nsics were recorded by oue ol us in 
'Vj. lifer, R, ; Otr the Mtrltitrrrclcar Cells of some C.rasscs. Natural Science, vol. xv, pp. t34“9i 
! pi., iSijc;, 
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cotyledons of four species of Liliaceae and in the roots of Bamhma. sp., 
AntJmriuni violaceum, and Stratiotcs aloides> Our thanks are due to 
Miss Ethel Sargant, who has allowed us to examine in this connexion 
certain of her preparations of Liliaceae seedlings. We have made few 
observations outside the Angiosperms, but we have found a binucleate 
sta-e in the stems oi Araucaria imbricata and of Eqmsetum maximum aad 
E^'limosum, showing'.that this phase is not confined to the highest groups, 
Taking all the cases together and including stems and leaves we have 
found the binucleate or multinucleate phase in seventy-six species belonging 

to thirty-three orders. • u v • e 

The nuclei of the multinucleate cells generally arise by mitosis, but 

there are certain exceptional features connected with this mito^s and with 
the behaviour of the associated cytoplasm. The most striking of these 
is that two daughter-nuclei in the telophase, between which no wall- 
formation is in progress, are often found enclosed in a hollow sphere of 
dense and deeply-staining protoplasm, the appearance at first g ance ,sug. 
gesting a cell within a cell. We have observed this singular phenomenon 
fn thirfy-five species, representing seventeen natural orders. _ These and other 
matters arising out of our obscn'ations we hope to discuss m a future paper, 
but as the subject is a wide one and will take considerable time to work out 
in detail, we wish to put on record this preliminary survey of our results, 
The expenses of our work are being partially borne by a gran fr m 

the Newnham College Fellowship Committee, for which we desire to ten cr 

our thanks. We also wish to express our indebtedness to Prof. W. Bat ,sm, 
F.R.S., for his kind permission to grow and collect material at the John 
Innes Horticultural Institution, and to Mr. R. I. Lynci, . . tira or o 
'rambriUce Hot.* G..<lon,.nJ M-. lb I- AIM v.tobk bd,,. 

the same connexion. 

1 The btanckHle celld in the coots of StratMa nn-l apr«r 

enscs ceeorded in this note in thn. ihc idncaltly o. „Cobiabtt ,1 

in .. e.nbc,on.c lissne. I’coc Canib. Hnl. boc., vol. sv„, l.,. 369-,';. ■ iL 
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T. I,. PRANKERD, 

Jkmomlmhr i„ Ihtmy, lUiifonl ro!k -t, Cnhirity of hmi,,,. 

With eight Figures in the Text. 

^PHF. vegetable cell is generally considered uninucleate. Exceptions to 
1 this rule arc known either in the ca.se of cells of unusual size 
e.g. latex tubules and some algal cells, or cells of very special function’ 
such a.s embryo sacs, pollen tubes, some jacket (d) and tapetal cells (3) ; and 
to these mu.st be added certain cases of multinucleate cells occurring in 
individual plants, i, e. those recorded by Beer for grasses (2), Arber and 
McLean for several aquatics, (1) and (fi). The purpose of the present com- 
munication is to record the occurrence of more than one nucleus, not 
in highly specialized cells, or tho.se of a |iarticular group of plants, but 
in different tissues of various immature vegetative organs. The details are 
given in the following table, which also shows that the plants studied are 
widely .separated in habit, habitat, and >ystcmatic position : 


Plan/. 

Pliri.inim a.juilinu'u 
Miira'.tiii sp 

vu.'oifuni . 
.risf-us . . 

hiUiifiK'i.t . . 

l/hhn, M.'nus-iwuu 
Auu.i ‘.ni:\x .... 


Aiuir, nux:u!:itu’'i 
( il/, .1 y.r.'rtJi'd/.r 

Or,., . 

( urrinn^ luiuJu' . . 

( r/< . . . 

( cryh/t ./fr.V.i/i.! . . 

fyhali.a . . 

P.’ y\;cr.u't: itviiiP.uf 

■I Oriaita.'r . 


Oryjit. 

s7'ornrij,'io]'hi-.rf 
vc;4«.twi\v I r.-.R.h 
jflioic 
}x-liolc 
U-A 

cnliOj-iiU- 
( cole- >} tile 
mi>ocotyl 
t j‘lumvi).'iT liivis 
pllil'lc 

infiorfCi-nc- n\i;: 

}i\ j 1 


]vA 

irMloriSceiiCf a\i> 


■t l;l’ivc hU'rtl 


c>‘t'lcxion.iry iio.’i 
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Ttisiii. 

tissue 


cc*rttx 
tissue 
; issue 

c- rtex and epidermis 
j;ro'uiid ti.ssue 


mcst'pliy!! 
t^TOimd tissue 


cortex 


Cr'IteX 

pilli 
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PhtU. 

Organ. 

Tissue. 

A'tfphar sp. . . , . . 

\^iluncle 

ground tissue 

Anona sp. , . . . . 

cotyledonary nofle 

cortex 

Kiks . • . 

j petiole 

1 inflorescence axis 

pith 

Vida Paha ..... 

secflHnfj stem 

pith and cortex 

Linum itsitaliidmnm , 

plnmule 

pith 

Ai'ir Pstiuio-PlalaHits . 

j>cliolc 

ground tissue 

Aeiculns Hipfocaslanum 

bud 

pith and cortex 

Tihix eutvptua .... 

„ 

,, 

Hidira Hthx .... 

j>etiole 

ground tissue 

Hottonia paluitru . . 

( bud 

1 inflorescence axis 

cortex 

Fra.xinus txahior . . 

,, 

cortex and pith 

fiyrinfn vnlgarii . . . 

[*eliole 

cortex 

l.imnanthcniHmfiUaluvt 


,, 

Ciuurhita Pepo . . . 

liyjKKotyl 

,, 

fi^Uanthus anttims . , 

u 

cortex and pith 


In all the above instances the two nuclei were in the same focal plane, 
cases where they were not so being regarded as possibly due to the efi'Kt 
produced by the superposition of cells. It must, however, be remembered 
that binucleate cells may be unrecognized by the fact that only one of the 
nuclei is included in the plane of the section, and this consideration is 
of greater importance the higher the number of nuclei in the cell, for the less 
likely will they be all to occur in the same plane(cf. h'ig. 7). Nevertheless, 
trinucleate cells have been recognized with practical certainly in several of 
the above, c.g. Amm nmculotum, Limiianthcmiiin pr/totnin, Zicitnia 
lieo ; and in Morns i/igrn (I'ig. 1) they arc obvious and frequent. 

It is very probable that more than three nuclei occur in .some cases, and 
in Morns nigra it would be difficult to say sometimes how man)- nuclei 
a particular cell did contain, for we find what can bc.st perhaps be described as 
a nuclear complex (Kig. 5) where a nucleus is dividing into more than 
two daughter-nuclei, or, which amounts to much the same thing, where the 
products of the division of a nucleus are themselvc,? dividing before 
separation. 

Judging from the data at present available, the frequency of occur- 
rence of multinucleatc cells will be found to vary considerably in diflcrcr,! 
plants. In some cases, such as that of O/’tiiog/ossnm ■onli;alnm, the cccc- 
fence is very likely rare and sporadic, but in most of the plants meiitioiicc 
above a .single section in the appropriate region will reveal several, iicrliap 
many instances. The relative frequency of occurrence also varies i: 
different tissues. In my experience, pith is far the most likely lis.suc, aliu 
this cortex, where they are more often found in the bundle or stclar-.shc.nh" 
a point to which I attach some significance, and which will receive fu e 
treatment in another connexion. Binucleate cells arc probably ccryri" 
in the epidermis, and I have not yet seen them in vascular tissue (see, hv' 
ever, Arber ( 1 ) and Thompson ( 7 )). With regard to organs, opening b'"' 
have so far proved the most prolific in showing mulliiiuclcate cells; 
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spermic socdlings' are also good, and after these, inflorescence axes, 
petioles, &c. 

The binucleate cells and their nuclei do not generally differ in size 
shape, &c., from the other cells and nuclei of the tissues in which they occur’ 
so that the usual explanation of coenocytic structures (Haberlandt (a)) 
ftnnot apply here. The question further arises as to the origin and fate of 



Kill'. 1-5. .lAvv/f 1 . A Inniklc.-iii' ^rl!. A muhiniiLlta'.c cell showing proli.ible 

Ifdigiuitluul fission o) oiit- of the nr.olri. .v Cell whioh ub'. x 400. 4, Nbiclei. 

>? sj'intlle-shnjx-il, /’ Io1h>!. < i-..ji'lricU’>l. >. y;,o. 5 . Nuclear ooniplcv. x 600. 


these additional nuclei, i. c. arc they produced amitotically, or by the failure 
of karyokincsis to produce partition walls ? And .^ince cells of older tissues 
arc apparently uninucleate, do the extra nuclei .tbort, does fusion take 
place, or are walls subsequently formed ? 

With reference to the first question, the second suggestion is possibly 
true ill certain ca.ses, but in general I think that the multiiiucleate cells 
af vcgct,itivc ti.ssucs arc produced by amito.sis. In tlie first place, this 
is strongly suggested by the position of the nuclei witli regard to each 
other, for they arc usually in close cont.act— a fact difficult to explain 

* IV. K. Tliymss h.cs liimllv iHirmi;tc.I ir.c to f\nii.iik* a iiuniljLT of lier pa’psi Uioiik of 
sadliiio 1 , jiniiospcrms, but I was not able to satisfy an sell in -a siiiole iiislalice of a binucleale cell. 

R r : 
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if they are the result of karyokioesis. Stages in their separation from one 
another can easily be found, and appearances strongly suggestive of amitosis 
have occasionally been observed (Figs, a, 4, b and c, and 8, b). The con- 
striction of the nuclei described by Beer for grasses, the longitudinal fission 
for aquatics by McLean, and the lobing in Stratiotes by Arberhavc all been 
observed in plants far removed from aquatics in habit, and from grasses iif 
classification ; but it must be confessed that such stages are rare, although 
careful search has been made for them, and in some cases, where they are 




Fi(;>. 6-^. 6. Cells from pilh of iilitslralinij probable cniUM' offr" 

clivisiaii, (j, bitmeleaie cell; /^,cellwiili iwo nuclcatctl pr^iloplasts ; t, cell very rtccmly ' ivliv . 
X ^00. 7. /J-ania iijKiUiia. Small piece of mesophyll of i.ilumular leaf (from a prcpanlit.';; : i 
Miij Sargant and Dr. A. .-Viltcr'. x boo. Tarenchymatous cells trotn the vascular i; 
a, AdiauUtni Cafillus’l'infru, and />, /‘fins sp., bhowinj,' Ittbcd nuclei, x y.^c. 


present, binucleatc cells have not been seen [Adiantuni and Pkn's, Fig. 
This, however, scarcely militates against amitosis, since karyokincsis is eves 
more rarely found, and the nuclei must be produced one way or the other. 
If, as seems probable, the actual process of division takes place very quid.'.; , 
or at a special time, the failure to find stages in amitosis .at .all frequently is 
easily explained, and further work is contemplated to throw light on this point. 

With regard to the ultimate fate of multinucleate vegetative ceh^. 
we may surely dismiss the hypothesc.s of abortion of all but one micleus, or 
fusion, since they arc improbable on theoretic grounds, and no stage in either 
process ha.s been observed.' Walls, then, must be formed, though evident y 

* Contrast Carolhers’ (3) view as to the couT'se of cvcnls in the inulliiiuclcate evils "I 
hiloba. 
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not immediately after direct division of the nurl^; 

plants, which show binuclcate cells, I have observed t 

plasts within one cell-wall (Fig. 6, i), and tu h th 7 

conceivably be due to artefact, comparison with other celi?o?t™“ssrc!in 

,vhich they occur makes ,t seem probable that this apparent cleavage 

of the protoplasm represents the first stage of wall-formation ” 

Finally, it may be noted that multinuclcate cells tend to occur in 
regions of activity (cotyledonary nodes of seedlings) and rapid clonoatioii 
(stems of buds). In general, the cells show dense cytoplasm and the 
nuclei are usually near the centre, possessing one or more large refringeiit 
and deeply staining nucleoli. Considerable plasticity is often shown in the 
size and shape of the nuclei in these tissues (Figs, s and 4). Binucleate 
cells in actual mcristem occur rarely, if at all ; for example, the pith of the 
bud of Morns nigra, fixed February 5, 19,3, showed typical uninucleate 
cells, while the pith towards the ape.x in opened buds gathered May 9, 
1915, was compo.sed mostly of multinuclcate cells. 

If direct nuclear division with subsequent wall-formation does occur, as 
the above observations suggest, the ‘ heretical opinion ' expressed by Arber 
that ‘ amitosi.s plays an active part in the growth of the young roots 
of Stratiolcs ' (( 1 ), p. 374) is jiot only confirmed, but shown to be of far 
wider application. 


Sl'MM.tKV. 

]. Multinuclcate (u.sually bimicleatel cells occur in different tissues 
of various young organs in ti number c.f plants widely separated both 
as to habit and .systematic jrasition, and it is .suggested that their occurrence 
is characteristic of regions of active growth. 

2. In some cases, at least, these nuclei arc jtrobably produced by 
amitosis follow ed by wall-formation, and the view is maintained that these 
processes arc a means of ti.ssuc-formalion in rapidly growing organs. 


Many of the preparations used in tlic above were made in connexion 
with a researcli I have been carrying out for some years in Professor 
Oliver’.s laboratory, Univcr.sity College. London. Microtome series through 
some grass seedlings were kindly lent me by Miss Sargant and Dr. Agnes 
Arber, and some otlicr preparations by' Dr. K. N. Thomas and several 
members of her Department at Bedford College, to all of whom I tender my 
thanks. I am also grateful to Dr. Agnes Arber for the interc.st she has 
taken in my work, and to my assistant, Miss G. E. M. Piper, B.Sc., for her 
sympathetic help. 


Boi'AsicAL Research Laboratory, 
Ueuforu College, 
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Since the above was written I have discovered niultimivle.'ite cells in the pith, jii*l almiv i!n; 
nodes, of Pcl))^onum I'inuaria^ in older parts of the wbeie these cells are rare or ah.i.Di in 
the intemodcs. Most, if not all, the cells arc at least binuclcate, and some sTiow as many a? !i\f 
nuclei in a single plane. This is of interest since it alYonls a striking instance of muhimicleiiii.' i- i,, 
existing in a specially active ti.ssue capable of rapid growth, for it is juaI at the nudes that 
curvatures take place in ibis plant. 



The Root-nodules of Ceanothus americanus. 
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Pkokessou W. I!. liOTTOMLEY. 

With Plate XXVIII. 

AS far as can be ascertained, Dr. W. J. Deal of the Agricultural College, 
A. Michigan, U-.S.A., was the first to call attention to the tubercles 
occurring on the roots of Ccaiiolltus. At the meeting of the American 
A.s.sociation for the advancement of Science held at Indianapolis in ifipo he 
c.Nhibitcd specimens of what he called ‘root-galls' on the larger roots 
of Ci'onothus iviuricaniis. 

Two years later Atkinson described the structure of these root-galls 
and stated that tlic gall is inhabited by a fungius which ‘ when mature 
forms compact botryoid clusters in the affected parenchymatous cells of 
the gall, the central [lortion being composed of a complexly-branched 
mass of threads bearing at their ends on the periphery of the mass the 
globose sporangia He con.sidercd the fungus to be related to the genus 
I'rankia of Hrunchorst. and [rroposed for it the ii.ime Fr,itdiii Ccamthi. 

No further mention of lhc.se .'tructure.s can be found until 1910, when 
Kellcrman, in a paper on ‘Nitrogen Gathering Plants', slates tliat ‘nitrogen 
fixing Bacteria, apparently similar to the Bacteria isolated from the 
Leguminosae, have been isolated from nodules of Ceanothus'. Unfor- 
tunately he gives neither references to any research work nor experi- 
mental evidence in support of his statements. Kcllerman’s paper is 
illustrated by pliotographs of root-nodidcs from a number of non-legu- 
iiiinoHS plants, and on examining these one is struck by the remarkable 
resemblance between the nodules of -i/.v.vs, Ehca^nns, and Ceanothus. 
As Hiltncr had demonstrated in that the root-nodules of Aluus 

and I'.laeinrnus arc concerned with nitrogen assimilation, the rc.scmblaiice 
^uggc.sted the possibility of the root-nodules of Ceanothus having a similar 
physiological significance. 

Ihere was a difficulty .it first in obtaining material for imestigatiou. 
An e.xaminalion of the roots of Ceanothus plants growing at Kew Gardens, 
Chelsea Pliysic Gardens, and various mirserie.s .md private gardens failed 
to reveal a single nodule. The foreman gardener oi one large nursery 

lAniiars ot Botariy, Vur. XXIX. N().CXVI. Ocloirtrr, IS15 I 
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stated that during his fourteen years’ experience of cultivating Ceanothus^ 
both the deciduous forms belonging to the C. a~urciis group and the 
small-leaved varieties such as C.dcntatus and C.Jloribundus, he had never seen 
a root-nodule in any CceiHotkus plant similar to those he was familiar with 
on Elneognus roots. This is perhaps not surprising when one remembers 
that Ceanothus is an imported plant, and presumably the soil is devoM 
of the requisite nodule-forming Bacteria. A similar case is known in Soja 
bean plants grown in this country, which fail to produce root-nodulcs unless 
inoculated with the specific organism from abroad. 

Eventually a plentiful supply of root-nodules was obtained from 
Ceanothus plants growing wild in North America, where the genus is 
indigenous, through the kindness of Dr. Kellcrman of the United States 
Department of Agriculture and I’rofcssor !•'. Clements of the University of 
Minneapolis. 

Nodule-bearing roots of two different species were rcceivctl— fivr/ny/iw 
americauus (New Jersey tea) and Ceanothus velutinus (mountain balm). 
.-\s a preliminary examination showed that the nodules of both species arc 
practically identical, the following description of C. ameruanns applies 
equally to C. vetutinus. 


Extmknai. Stki ctuiu; of tiif, Nodli.k. 

The nodrdes when young arc flesh-coloured, cylindrical outgrowths, 
from 3 to 8 mm. in length by i to a mm. broad. They are fir.st visible ns 
tiny lateral swellings on the young roots, and soon attain a breadth of 
I to a mm., after which growth is confined to the apex until a length of 6 to 
S mm. is reached. This concludes the growth for the first year. In the 
following year they continue their growth by branching near the apex, pro- 
ducing two to five branches, and each branch repeats the giowth of the 
primary nodule. This branching is continued in successive years, e.rdi 
year's growlli remaining from i to a nun. in diameter and 4 to ^ >tim, 
in length. Thus the nodules arc perennial, and after a few year- there 
is formed a loosely-branched, rotund mass, the size of a small walinit. fhe 
number of branche.s arising each y ear is variable, two, three, four, or even 
five branches being produced near together. Hence tlicie is a grc.ilcr 
diversity of branching in Ceanothus nodules than in other iiou-lcgiiminoas 
nodules where bi- or triturciition is characteristic. 

INTF-RNAL MORl iiObOGV. 

The material used for the purpose of invc.stigaling the internal stiucUiK 
(.fthe nodules was fixed in cither Bouin's fixative or alcohol, and mii-ro 
tomed sections were stained with Flemming's triple stain, IIcidcniaiiF 
iron-haematoxylin, or Kiskalt's amyl gram. A transverse section 1 1 
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the centre of a young nodule or branch shows that the relation of the 
different tissue systems differs but little from that of a normal root There 
is a central stele surrounded by an abnormal development of cortical cells 
and a protective corky layer on the outside. The xylem forms a solid 
mass in the centre of the stele. As all the elements are small it is difficult 
» distinguish the separate protoxylem groups, but where determined they 
appear to vary in number from three to five in different nodules. The xylem 
is surrounded by several layers of parenchymatous cells, the inner layers 
consisting chiefly of elongated cells (phloem), and the two outer layers 
of iso-diametric cells (pcricyclc). 

When the nodule branches, .secondary thickening occurs in the primary 
stele, whereby a certain amount of secondary xylem is produced each year, 
thus forming a strong supporting stalk for the annually increasing cluster of 
branches. The stele is bounded by a very definite endodermis, which, as in 
the nodules of Ahms, lilMogims, and Mpiai, is characterized by the cells 
being filled with re.scrvc material, chiefly proteid and oil drops. 

Outside the endodermis the cortical cells are arranged in two zones— 
a narrow inner zone of small cells, alwat .s free from Bacteria, and an outer 
broad zone of large cells, most of which arc elongated radially, and contain- 
ing much enlarged cells crowded with Bacteria. This outer zone is enclosed 
by a layer or layers of .suberized cells. 

A median longitudinal section shous that the young nodule is sur- 
rounded by a protective layer of suljerized cells, in certain localized areas 
these cells occur in relatively large masses. This is seen especially at the 
apex of the nodule, where they function as a kind of root-cap. 

In the older nodules and branches a definite phcllogcn is present, which 
produces a few very regular layers of periderm, tiie cells of which always 
contain a dark brown subst.ince. 

The apex of the )-oimg nodule, below the protective layer, is occupied 
by a group of uieri.-tematic cells wliieh covers the end of the stele. Imme- 
diately below this mcristcm.rtic tissue many of the cortical cells are infected 
with rod-shaped Bacteria, readily ,'een in siln in sections cut from material 
fixed in alcohol and stained with Kiskalt's amyl gram stain. The organisms 
occupy at first only a small portion ot the cytoplasm of the ctdl. Here, 
however, they actively divide, and a little further from the apex of the 
nodule the infected cells arc seen to have increased in size and arc filled 
with Bacteria. Lower down the nodule these cells become still more 
enlarged and the rod-shaped Bacteria arc replaced by large spherical bodies 
containing either two or four denser portions. These are exddently the 
‘ globose sporangia ' of Atkin.-on. 

towards the base of the nodule the inlcctcd cells gradually lose their 
eontent.s, and arc finally seen as dead empty cells. 
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Origin and Branching of the Nodules. 

From the material available it was not possible to trace the earliest 
stages in the formation of the nodule, but sections of young nodules in- 
dicate very clearly that they are modified lateral roots. 

They consist of an apical meristcmatic region below which is a brandli 
from the root-stele surrounded by cortical tissue containing many infected 
cells, the endodermis of the nodule-stclc being continuous with that of 
the root-stcle. Presumably certain cortical cells of the root became infected 
by Bacteria as in the formation of leguminous nodules, and these stimiihitc 
the formation of a lateral root at this point. This lateral root never breaks 
through the cortex, but as it extends into the infected area the outer cortical 
cells above this area become meristcmatic, and by their subsequent growth 
a long cylindrical nodule is formed instead of a typical lateral root. 

The branches of the primary nodule are very evidently endogenous 
in origin. Tlicy arise from an active development of the pericyclc cells 
opposite a protoxylem group. A stelar branch is thus formed, and as this 
extends into the cortex an apical mass of meri.stcmalic cells becomes 
differentiated which soon produces a visible branch to the nodule. 

This mctliod of branching is quite different from that which is chanic- 
tcristic of the nodules of Alnns, Ehtciigtins, and Cycos where there is a di- o: 
trichotomy of the apical meristem. In Ccanothus as in Myrka the branches 
are primarily due to the formation of stelar outgrowtlis, the essential differ- 
ence between tlie two being that in Cfnnotliits the stele never emerges frura 
the nodule, and the apex remains meristcmatic. continuing its growth eucli 
year, whilst in Myrico the stele in its second year pushes through the apex 
of the nodule and forms a small hair-like rootlet, thus preventing fuithc; 
apical growth. 

Isolation and Cultiv.\tion of the Bacteria. 

As described above, two different structure.s arc found in tiro Infccui! 
cells, rod-shaped organisms near the apex of the nodule and spherical liodiis 
lower down. The rod-shaped organisms when isolated by the method; 
described in detail iot Myrka nodules (Ann. Bot.,xxvi,p. i tq) appear lo Iv 
identical with the Bacillus radickola group found in leguminous nodiik;. 
giving the characteristic staining reaction witli Kiskalt's amyl gram, ,ind 
typical colonics when grown on nutrient agar. The spherical bodies ,iic 
very similar in apjrcarancc to the ‘coccus' forms described by SjHit; 
in Alims and lllacaguus nodules. When grown in ordinary 11. radkitfi 
culture solution they soon lo.se their spherical condition and break u|) into w 
many typical rod-shaped forms as there arc dense portions present. Tk' 
reverse change from rods to spherical bodies can be seen in old colonic; 
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grown on agar medium. These spherical bodies therefore are not ‘spor- 
angia’ as Atkinson interpreted them, but are similar to the ‘ bacteroids ’ 
found in leguminous nodules which arc known to be a resting and resistant 
form of the active bacillus produced by unfavourable environmental or 
nutritive conditions. In Cemiothus the alteration in conditions which must 
necessarily occur in the host cell as it becomes depleted of food and crowded 
with Bacteria causes the organism to assume the ‘ bacteroid’ form which in 
this ease is spherical instead of the V- or V-shape of the leguminous 
nodule. 

Fixation- of Atmosimifric Nitrooen. 

To test the possibility of these organisms being concerned with the 
fixation of atmospheric nitrogen pure cultures from each species of Ceanc- 
lliiis were grown in Krlenmeyer flasks in the usual non-nitrogenous culture 
solution, one set of flasks being autoclaved immediately after inoculation to 
serve as controls. The flasks were incubated at for seven days, during 
which time the contents of tlie control flasks remained clear, whilst the non- 
stcrilized flasks became cloudy. Kjcld.ihl nitrogen determinations of the 
contents of the flasks gave the following average figures; 

X. in ■.i’uirc.'. X. ill <ui!ui\ 

anuriuinm 0-24 mg. j-;; mj;. 

C.Vtlufiuus 0*14 ,, .".iO „ 

This gain in nitrogen is very .similar in amount to that obt, lined from 
cultures of the Bacteria in the root-nodiiles of Alma. Flouii;iii<s. and Myvica. 
It is thrrefoic evident th.it the root-nodulcs of Ganelhus arc definitely con- 
cerned with nitrogen assimilation. 


.V. fir ii'O ( 

('/iUlilllt'. 
i-12 ,, 


Sl'MMARV. 

1. The root-nodules of Cianotliiis amaiavius are modified lateral 
roots. 

2. They arc perennial and increase in size each year by the formation 
of endogenous outgrowths (brandies) ."imiiar in structure to the primary 
branch, 

Kach primary nodule and branch when fully grown s1tow.s four 
zones: (f?) an apical meristematic zone; (M an infection zone, where 
the cortical cells arc becoming infected with Racloria ; (c) a bacterial zone, 
containing many radially-elongated enlarged cells filled with Bacteria ; 
(''') a basal zone, almost free from bacterial cells. 

4 - The younger bacterial cells contain rod-shaped organi.sins. the older 
oiie.s spherical bodies. These latter arc the 'bacteroid condition of the 
active nitrogen-fixing rod-shaped bacillus. 
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5. The Bacteria, when isolated and grown in pure culture, can fix 
free atmospheric nitrogen, and from their structure, mode of growth and 
formation of ‘ bacleroids ’ evidently belong to the Bacillus radicicola group. 
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EXPLANATION OE PLATE XXVHI 

Fig. 1. Cianolhus Kool-nodules. Nat. size. 

2. CidHothiii ivnot mius. Rool-nodulcs. Nat. size. 

Fig. 3. t’. anurioinus. Transverse section of lool-nodule, showing central blele and IbUtcnsl 
zone with radially elongated cells tilled with Bacteria, x 30. 

Tig. 4- C. amerkanm. I.ongitudinal section of root-ntxUile, showing cndogeiimis origii: 0; 
branch- x 30. 

Fig. C, amiruiinus. 'i'angcnlial section of root-nodule, showing the four zones, x ; 5 . 





Studies in Permeability. 

II. The Effect of Temperature on the Permeability of Plant 
Cells to the Hydrogen Ion, 


WALTER STILES 


AND 


IN'GVAR J0RGENSEN. 

With four Diagrams in the Text. 

T N tlie first of these papers we have indicated that the cells of potato 
i tuber absorb hydrogen ions very rapidly, and in the succeeding article 
of this series it will bo shown that this rapid absorption is a general charac- 
teristic of acids. It becomes of intere.st to discover whether this absorption 
is due to simple diffusion into the cell, whether it is due to adsorption, 
or whether the entrance of the acid is the result of its chemical combina- 
tion with some substance or substances of the cell, for all information of 
this kind is likely to be of help in the elucidation of the mechanism of 
permeability. We have therefore examined the influence of temperature 
on the absorption of hydrochloric acid by potato cells, as these three 
proces.scs, diffusion, .adsorption, ;ind chemical action, should all be influenced 
differently by alterations in temperature. 

MktiiiiIi. 

The method of investigation has been briefly indicated in a previous 
paper, here we may give further details. 

The tissue u.sed consisted of discs of potato tuber which were i cm, in' 
diameter and weighed about o- j grin. They were washed in a gentle 
stream of tap water for about an hour, then rinsed in distilled water, and 
transferred to the acid solution. 

The acid used was hydrochloric acid, made up by means of spechic 

N 

pavity tables to a strengtlr of about , which was diluted for use to 

I c 

’■coi N. Subsequent titration with standard alkali showed that the stock 
lAnnals or Botany, Vol. XXIX. No, CXVl. October, 1915.I 
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acid solution was actually o-iio N, so that the acid used in the experiments 
had a concentration of o-ooi i N. This low concentration was used as it is 
unlikely to damage the plant-cells for some time ; a higher strength of 
acid is likely to be more dangerous in this regard. 

The experiments were carried out in stoppered bottles. In each bottle 
was placed loo c.c. of acid and 20 discs of potato. A number of suth 
bottles were placed in a thermostat kept at the desired temperature, and at 



Fir,. T. This shows the form of hytlroqen tloitrotle u.?e«l. The i-oiiil ckolrode is •^hown nt f.. 
The liquid whose acidity is to l)C diUTinincd is jTnccd in the Inr^'t r vessel. Hyclro^^’cii is jossfd 
throui^h the electrode ve>>el for .*» few sec-mli. I’.y inoviiio the jiluiii;er of the synn^’v K.tckwar'- 
and fonvards a few limes while the g.is is pa^nin^, tlu- la>( tr.acc^ of air .'tre reiu>'\ i lo'in iht 
apparatus. The current of oas h stopped, and hv pif>hin),| the plunder nf tiie ^vrin';e m fin i (Hit Uie 
electrode is wcttetl with the liquid. Finally the liquid is hronohi to such n h‘\el that iht p int I’.i-'. 
touches it. Kquilihrium is virv tjuickly attained with an elcclnnlc in \s><rkin:; eoiuHiio:!. 


various intervals of time the bottles were removed, usually in dui)lii;ale, the 
acid poured off, and the concentration of the acid .solution measured. 

In order to measure the acidity of .solutions in this dilution, intc 
which moreover various organic substances may ha\’C diffused out from the 
ccll-ti.ssuc, the ordinary titration methods arc useless. The mcasiircnun: 
has therefore been made by means of the hydrogen electrode. 

When a metal is immersed in a solution of one of it.s salts, an elcclio- 
motivc force is set up at the surface of contact of the metal and .s.alt, and 
this E.M.F. is dependent upon tlie concentration of the metal ion in tlir 
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,„,utian of the salt The same is true also for an electrode of hydrogen 
immersed in an acid, 1. e. a solution containing hydrogen ions 

As hydrogen electrode we used a modification of that suggested 
l,y Walpole (Bioch. Journ. 1913). The electrode vessel consisted of a small 
piece of glass tubing closed at one end with a rubber stopper Through 
,l,is stopper passed a glass tube with the electrode of platinised platinum 
wire scaled into the lower end, and a piece of capillary glass tubin<> con- 
nected to a T-picce. The other two ways of the T-p!cce were connected 
one to a small glass syringe, the other to an apparatus for generating 
hydrogen. This was carefully jrurified before passing into the electrode 
ve.ssel. 

The electrode vessel could be placed in a larger vessel containing 
the liquid whose acidity was to be determined (Fig, ij. 

The electrode was charged in 

the usual manner as described by V 7 

Walpole. \ / 

The hydrogen electrode was com- 11 || 

N 1 \\yf 

bined with an KCl-CaloincI dec- / V 

\ 

trodc, a 3'o x solution of KCl j |! /- j 

being used ns intermediate lujuid. j || j 

Kahlbaum’s pure pota.ssium chloride |! jl 

with certificate of guarantee was used j j; 

,iiid the me.'cury and mercurous I f ij. 

chloride were carefully purified. The V W 

form of the calomel electrode is shown “ 

in the accompattying sketch (Fig. ^ 

The glass vessel Itscll is filled above .utaillv lies in n plane .at right aagles to the 

^ lest of the a; p.irati!-. The platinum point 
the mercury and calomel with — i- nips mt., a mnoor; enp, 

10 

KCl s.ituratcd with ciilomel, and this solution occupies the tube between 
the vc.ssel it.sclf ainl the tbrcc-waj’ tap. The intermediate liquid of 
-V KCl occuirics the rest of the tube, and can be run out by 
turning llie tap, or renewed from the same funnel. Tlic tap is ungreased 
and kept closed, there always being enough liquid held by capillarity 
to ensure sufficient conduction. 

Ihc electromotive forces manifested by this combination were com- 


pared with a Weston Notm.il Cell m.rnufacturcd by the Cambridge 
Scientific Instrument Company'. The standard cell and the coinbiiration 
uf calomel electrode and hydrogen electrode were compared with a 
t-volt accumulator by Poggendorfs method. A capillary electrometer 
(enclosed pattern) was first used .as a null instnunent, but tliis was after- 
wards replaced by a delicate moving coil galvanometer manufactured by 
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R. W. Paul, and which proved a much more convenient and sensitive 
arrangement. 

The hydrogen-ion concentrations of the various solutions were then 
calculated according to the formula 

.A’r, C„ 

, = 2-3Ci6 ^ log 

where r„ is the given with a liquid of hydrogen-ion concentration 

C., and f, the E.M.F. given with a liquid of hydrogen-ion concentration 
Cy A is the gas constant, T the absolute temperature, and /•' signifie.s 
I faraday (= 963X0 coulombs). 

That the apparatus was giving correct readings was tested by the 
use of different concentrations of acids of known strength. 


The Re,sui.t.s. 

Experiments were conducted at four different tcmpcr.atiirc.s, o'C„ 
io°C., 20°C., 30°C. The amounts of acid absorbed by the tissue after dif- 
ferent lengths of time at these various temperatures arc indicated in the 
following tables. The second column .show-s the increase of the l-.M.]-', 
at the surface of the hydrogen electrode in each of the acid solutions as 
compared with that in the case of the original o-ooi 1 N acid. 'Iholl'-rJ 
column shows the concentration of the acid as calculated from this l',.M.h„ 
and the next column the actual absorption. The numbers in the last 
column we shall refer to later. 

Ttvip. o°C. 

f Ktlalwi 

Tina in kmn. {/T [v {C ef Jiyir.s, •: ton cf lly.i,.xin 

C-O 1 ‘000 C-0 0-0 

O'OOfu) 0M:4 

0‘OIJO O'^IO 0*.V>0 0':i' 

0'4 vA 0-,iO7 O’.sC'r 

0-01 


0*0 

6-0 

•S-o 

S-0 


Temp. io“C. 


//;■ /Vffa't of 
E.MJ-. in wit;. 


i'.f .aiive ( 'cfn in/ratic it 
\i Of I/y irogen /i'll 
in Scinfion. 


A f iiitt- f •fuanlity 
if flydr yo: ion 
■ iihot'oL 


0-0 

0-0 

0’4 

0003: 

O' ; 

0-0027 

I'O 

0 -OO '>2 

4-0 

0-00 *<4 

2-0 

O-0OS4 

2? 

0*0144 

4-0 

O'OI >^0 

i'O 

0 02.V 

i'O 

0-0202 

6-0 

0-02.-6 

O'o 

0 ' 024 V 


1-000 

0-0 

0 -S 70 

0-130 

o-S<>H 

0-102 

0 - 7 ''! 

0-219 

0-709 

0 -.’(jl 

0-709 

0 ' 2 t»l 

o-s 6 f 

0*4 .Vi 

0 - 4 -''S 

0 -.- 1 2 


0 '^Ol 

0 ’ 44 : 



o -^>39 

0-370 

0-030 




c-o 

0 ‘o**o 

0-04'^ 

O' I C' 
0-14) 


O-f.P'l 

O-.'yO 

O'-H.' 
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Temp. 

jo-’C. 




hurease of 

!«/«««• 

Relath'e Coth eti/ralion 
( (-’) 1 / llydruppen Ion 
in Solution . 

litlalive iimntiiy 
of Hydrogen Ion 
ahwhed . 

- Log . C . 

O'O 

0-0 

1-000 

0-0 

0-0 

1-0 

O-OIO-i 

of) 4 a 

0-35 1 

0'j88 

1-0 

0 -0JI7 

0-619 

0.381 

0-208 

2-0 

0-0205 

0-430 

0-570 

0-366 

2-0 

0'0319 

0-407 

0-593 

0-390 

.VO 

^'0 

0-0276 

0-321 

0-679 

0-494 

0-0269 

0 ‘ 33 * 

0-669 

Q-480 

4'0 

0-0399 

0 194 

o-8o6 

0-712 

4-0 

5'0 

0-0421 

0-177 

0-823 

0-752 

0-0442 

0 162 

0-838 

0-792 

VO 

0-0513 

0-121 

0-879 

0-917 


Temp. 3 o'’C. 




htx-rtaH 0} 
li.M.f. in io/ls. 

Kflalive Conanlralioii 

Selalive quantity 

T'mi id hour'!. 

[C, of Hydrogen fon 
in Solution. 

of Hydro-^in Ion 
ah'orbed. 

0-0 

0’5 

O' 5 

0-0 

1-000 

0-0 

0-0102 

0-66; 

0-333 

0-0140 

0-581 

0-419 

I'O 

00232 

0-39S 

0-602 

l-O 

0-0200 

0-417 



0 041S 

0-190 

o-8io 

2-0 

0-0425 

o-i '‘5 

0-815 

3'» 

0-0660 

0-0770 

0-923 

0-0720 

o-o;*! 

0-923 


-1.01. c. 


O'O 

0 'i ;6 

o-2iO 

0-400 

0-580 

0- ;ji 

0733 

1- 114 

I’li4 



Kl«:. V For cvj'bn.^lion soo >c\U 

The curves shown in Fii;. exhibit ^*raphic;ill>’ the icl.xtion beUveen 
the time the absorption has proccctieil and the ^luantity of acid ic t in 
the solution at that time. All the cunes stroni;ly resemble exponential 
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curves in shape, and this is confirmed by plotting curves between the time 
and the logarithm of the concentration (see last column of tables and 
Fig- 4)- 

The relation between time and concentration is then given by the 
equation 

— log C = +^’' (i) 

and if -f represents the amount of acid absorbed at any time we h,a\ c 
—log {A — x) = kf + k' 


where A is the original quantity of acid present. 

If this is tahen as unity we have /•' = o, and i = — — 

f/t" 

The rate of absorption jj is then given by the equation 


i. e. the rate of absorption is proportional to the concentration at any 
time and to the constant /•, and I’ has the same value in equation (;) 
as in equation (i). 

From measurements of the curve.s obtained from e.\pcrimeiit.s and 
shown in Fig. 4 we have the following values for I’ at different tcmpcratiiics; 


Temperature. k 

0° 0-036 

lo"^ c-oHi 

J0° 0-174 

30° C-3H0 

i. c. the rate of absorption is increased by a rise of lO^C. as follows : 

from 0° to 10'’ a-ai times 

„ 10= „ 20° 2-17 „ 

,. 20° „ 30 2-lX „ 

The rate of ab.sorption is therefore increased by about 2-2 time; 
for a rise of lo'C. 

Now if the absorption of the hydrogen ion were controlled by siinpfc 
diffusion into the cell-tissue, one would not expect the increase in it- 
rate of entrance to be of this order. Rather an increase in much lowei 
proportion 'would be expected, of about the order of i : 3. 

As regards the effect of temperature on the rate of adsorption, tlie 
coefficient seems to be of the .same order as that of diffusion ; certainly tb’ 
van’t Hoff rule is not followed. 



Stih mid yergensen.—Studies 


tit Vcrnmbility, //. 


15, t it has been shown by van’t Hoff and subscauent workers that the 
,.jto of many chemical reactions is doubled or trebled by a rise of loX' 
In the realm of plant physiology such a rise has been shown by F F 
Blackman in the case of carbon-assimilation in the leaf. The study of 
the effect of temperature on the absorption of the hydrogen ion wLd 
stem to indicate that this absorption is controlled by some chemical action 
in the cell, and is not the result of simple diffusion through the plasma- 
mcinbrane, or of mere adsorption by the cell protoplasm. 

That the numbers obtained experimentally show that the rate of the 
■ reaction depends merely on the temperature coefficient /•, and the con- 



centration of the acid indicates that the quantity of the substance with 
which the acid reacts, presumably the plasma-membrane, or some part 
of it, remains constant during the first few hours of the reaction, as it does 
not influence the rate of reaction. This suggests tii.at cither the absorbing 
substance is present in .such large quantltj’ as compared with the acid that 
the amount changed is small in comparison with the total amount, or 
that the substance formed as a result of the absorption is broken down 
ugaiii almost as soon .as formed. Such a view of the plasma-membrane is 
held by Pauli and .S/iics who regard the entrance ot ions into the cell 
us due to the reversibility of such a rc.action between ions and the plasma- 
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membrane. VVe feel, however, that more experimental evidence is required 
before such theories can be discussed adequately and with profit. 


Summary. 

1. The absorption of the hydrogen ion of hydrochloric acid in dilute 
solutiOT by potato cells takes place according to a simple exponential 
relation between time and the concentration of the acid. 

2 . The rate of absorption of these ions by potato cells is increased 
about 2-3 times for a rise of io°C. between o°C. and qo C. 


Botany Department, 

The University, I.eeds, 
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The Root-Nodules of the Cycadaceae. 
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ETHEL ROSE SPRATT, D.Sc., A.K.C. 

i’uhcnityoj lottden, Kind's ColUgc. 

With Plate XXIX. 

T HI-; Cycadacoac area group of special intcrc.st, owing to their retention 
of a greater number of primitive cliaraclcrs than are possessed by any 
other living group of (iymno.sperms. Representatives of this group probably 
e.'iisted during the Mesozoic Period and were very widely distributed. The 
living cycads are represented by five ea.stern genera : Cycas, Encephalartos, 
Stangirk, Macrozamuy and Eo-Miiia, and four belonging to the western 
hemisphere: Zcuiiia. Aflcrficycus, Diomyind Cralozatiiia, all of which are 
tropical or subtropical. In all the genera with the exception of the mono- 
typic genus Microcyras, which is confined to Cuba, and has not been 
e.tamincd by the author, there arc in addition to the primary tap-root 
numerous small secondary roots, some of which form the so-called root- 
nodules. 

These structures have been described as 'Coralline roots’ in Cycas, 
where they occur abundantly immeduitely below the surface of the soil and 
protruding above it. Rcinkc described them as special organs for aeration, 
Schneider suggested a symbiotic association, and Life isolated from them an 
Alga and some liactcria, and believed them to be concerned in the assimila- 
tion of nitrogen as well as aeration. More recently Zach states that they 
are not .symbiotic, but contain a fungal parasite against which the cells react 
as a phagocyte. 

Amongst non-lcguminoiis plants it is now recognized that the Elaeagna- 
ceac, Myricaceac, Podocarpincae. and the genus Ahms have root-nodules, 
which are definitely concerned with nitrogen assimilation. With these the 
(. ycadaccac must be a.ssociatcd. because lloUomley has isolated from the 
nodulc.s of Cycas not only EaciHus raJicicola but also Azolcbactcr, both 
ol which organisms arc known to assimilate atmospheric nitrogen. Ihey 
are, however, ofs]3ccial interest because in their cortex a very definite green 
ring, the algal zone, is produced by the presence of an Auabacna, which has 
been described by the author. 

lAunals of BoUny, Vol. XXIX. No. CXVI. Octoter. ijis.) 
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Sprait. — The Root-Nodules of the Cycadaceae. 

The first part of the present series of investigations was carried out with 
material of Cycas cin inalis and Emephalartos ttildcbrandtii kindly supplied 
by the Curator of Chelsea Physic Gardens ; and was extended to domprise 
the genera Macrozamia, Zamia, Ceratozamia, Dioon, and Bmuenia^ 

through the kindness of the Director of the Royal Botanic Gardens, Kew, 
both of whom I desire to thank. 

Root-nodules have been found to occur throughout all the cycadean 
genera, and as in other non-legu miaous plants they are perennial modified 
lateral roots which have diverged from their normal growth owing to their 
having been infected with the nitrogen-fixing organism Bacilhis rmiickohu 

In Cycas circinatis they are confined to the surface of the soil and the 
layers immediately below. It has, however, been ascertained that the 
lower roots frequently become infected with Bacillus radtckola, which 
penetrates the root-hair.s and enters the cortex, where its presence stimulatc.s 
the root to become negatively geotropic (Kig. i), and when near the surface 
of the soil the tip becomes swollen and subsequently profu.scly branched, 
giving rise to a coralloid mass (Fig. z). Large mas.ses of these structure 
arc visible on the surface of the soil, and they characteristically contain 
a very definite green ring, the algal zone. The same conditions occur 
in C. and C. seeiiiir!iu!,hul some .sixrciesin cultivation at Kew have 

not developed these nodules very abundantly. 

Eucephalartos Uildcbrandiii and all the species cultivated at Kew 
exhibit a similar phenomenon, but the individual nodules are larger, and 
thus, although the branching is very profuse, the clusters arc less dense 

(I'ig’ 3)' ^ _ 

F.xamination of a large number of nodules from both Cycas and 
E.ncephalartos showed that the nodule tip may become quite large and even 
branched several times, while no algal zone is present (Fig. 3, <r, b). The 
Alga therefore lives in the soil, and must at some period gain an entrance 
to the nodule. The roots which have become negatively geotropic have 
Bacillus radicicola in their cortical cells, but they retain their normal appear- 
ance, Very soon, however, a ring of stiaicturcs, apparently Icnticels. i; 
formed a little distance from the tip, which suh.scquentl)- becomes swolcii 
(Figs. I and 3;;). The Icnticels consist of large masses of very loosov 
arranged parenchymatous cells formed from the phcllogcn. They suon 
become infected with Bacillus radicicola and also Ar.otobactcr, the lallet 
at first making their way between the cells, and later entering tlicm (I'ip. v)- 
Gradually in the nodule, i.e. the portion above the ring of Icnticehs, thcoulct 
cells produced by the phcllogcn increase in size owing to infection "ih' 
Bacillus radicicola, and arc pushed apart by masses o( Acotobactcr. somv ol 
which subsequently penetrate into them, with the result that there is a /viw 
on the outside of the nodule w hich contains the two nitrogcii-fixing orgaiiw”' 
.associated together (Fig. 9;. This zone extends from the basal lenlieeh 
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nearly to the meristcmatic apex. In many cases Anahaena filaments are 
associated with these large loose outer cells, especially in the angles produced 
by the nodule branching (Fig. 9). 

Other nodules have a very definite green algal zone traversing a corre- 
sponding area of the nodule, but enclosed by a few layers of cells (Fig. ii). 
J'he three organisms Bacillus radicicola, Azotobackr, and Anahaena now all 
become concentrated in, this area, which consists of a large air space 
inhabited by the Anahaena aqd Azolobactcr, and traversed by elongated 
papillate cells connected with both the inner and outer ti.ssues, thus keeping 
the zone intact, and being themselves rich in protoplasmic contents, and 
containing Bacillus radicicola (Fig. 10). The cortical cells between the 
algal zone and stele are remarkably free from infection, although some contain 
the two Bacteria, most of them are filled with starch grains or calcium 
oxalate crystals. Outside the algal zone is a very definite phellogen which 
produces a few layers of parenchymatous cells towards the zone, and a few 
very regular cells on the outside. The algal zone always begins very abruptly 
immediately above a lenticel, but at the apex of the nodule the Anahaena 
appear to make their way gradually between the cells into which also the 
Bacteria penetrate, thus continuing the growth of the zone with that of the 
nodule. Sometimes, however, it is localized to quite a small area, perhaps 
on one side of the nodule. Associated with its production is an extended 
development of lenticcls at some portion of which the zone is always inter- 
rupted (Fig. n). In nodules without an algal zone only a basal ring 
of lenticcls occurs, but where it is present they are produced in connexion 
with every branch and at quite frequent intervals on the branches themselves 
(Fig. 3). The nodule often branches dichotomously, but lateral branches 
also arise, particularly beneath the primary ring of lenticcls, w'hich may 
become nodules or lateral roots (Fig. j). 

Whilst visiting Kew Gardcn.s, one of the Slau^cria Scliisodou plants 
was observed to have a piece broken from tlic pot quite near the bottom, 
and from this liolc a number of roots upon which were numerous small 
nodules were .seen to be emerging. This aroused the question whether the 
nodules in other members of the Cycadaceae were confined to the surface of 
the soil or not. Their formation here might liavc been induced by the 
exposure to light and air resulting from the prc.scncc of the hole, or it mi^nt 
be that they were more or less uniformly distributed throughout the pot. 
On inquiry the latter was found to be the case. 

In Stangcria small nodules are produced all along the root, eacli 
of which branches dichotomously, and thus little clu.stcrs arc formed 
(Fig. 4). Infection of the root with Bacillus radicicola occiuJ tlnough the 
root-hairs, and tliesc organisms infect the young lateral roots whilst they arc 
traversing the cortex, and thus their growth in length is arrested, and they 
arc stimulated to branch almost immediately they are free trom the parent 



622 Spratt. — The Root-Nodules of the Cycadaceae. 

root. The root-tip may also develop a ring of lenticels and form the begin, 
ning of a cluster of nodules. At the base of the nodules which are produced 
laterally the phellogen becomes very active, and gives rise to a complete 
ring of lenticellular tissue (Fig. 12). Between this basal ring of ti.ssue and 
the nodule large groups of Aaolohactcr and sometimes Anabaeua collect 
both of which arc also a-ssociated with the outer cells of the nodule, ^ 
in Cyars and Encephalartos. As the nodule dcyelops, other lenticellular 
areas may appear, which are very out-curved with a strong tendency 
to form a zone of parenchyma parallel with the surface of the nodule, and 
frequently small localized areas, containing the three organisms so charac- 
teristically associated with the outer cells, become completely enclosed 

(Fig- 13)- 

Nodules in which an algal zone is developed become very much 
elongated, always remaining very slender, and branching rc[)caledly 
(Fig. 4, b). In these nodules the zone occupies a larger proportion of 
the cortex, and is travcr.sed by many more papillate cells than in Cycas and 
Eitcephalartos. 'i'hc three symbiotic organisms extend through the outer 
cortex to the phellogen usually, and are often associated with the outer 
cells. Nodules have been examined which had enclosed, in addition to an 
algal zone, certain other areas of .Algae and Bacteria on the surface. In 
branched nodules the two algal zones of respective branches have been found 
separated from one another by a band of meristematic tissue. 

The nodules of Macrozamia ilodcyi (Fig. 6) and ,1/^. Dcunisoui resemble 
vei')' closely those of EucephoLntos in which no algal zone has developed, 
and no algal zone has been found in these nodules. Correlated with this 
is the scarcity of nodules on the surface of the soil in the plants at Kerv, 
Their development corresponds with that described above, but the outer 
cells, in which Azotobodcr and Bocillus riididiota are found together, are ,-o 
large and loosely arranged that the surface of the nodule presents an uncr eii 
spongy appearance. In some cases the infection with Azolobocicr cxtcncl.< 
well into the cortex throughout which Bacillus nulicicola is distributed. 

In Ccratozamia mcxicana (Fig. 7), and Zamia liudcni (Fig. jl 
the nodules observed remain quite small although branched, and arc 
arranged very regularly in two rows along the root. In Ccratozuiiiia large 
nuunbers are visible on the surface of the soil. A few roots of Bcwcu'n 
spcctabilis were also obtained upon which were some very young nodules. 
In these three genera Bacillus yadicicola i.s present in the cortical cells nl the 
root and nodule. The basal phellogen produces an envelope of parenchy- 
matous tissue as in Siaugcria, and in some of the older nodules .1 second 
phellogen appears in that area inside the old one. The loo.se outer ccih 
usually have Azotobacter associated with them, but no Alga has been Ii.hiik! 
present in these genera. 

The roots of Dioon spinulosum and Dioou cdulc produce sticcc.ssi'c 
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layers of cork which gradually become split and peel off. The cells themselves 
arc rich in tannin. In addition to, and perhaps correlatnd with, this somewhat 
extensive development of pcridcim, large fan-shaped masses of parenchyma 
are produced at frequent intervals on the roots. There is a greater develop- 
ment of cells resembling lenticellular complementary cells than has been 
observed elsewhere. Large masse.s arc present at the base of all lateral 
roots and also nodules (Fig. 14), which are abundant on roots a little below 
the surface of the soil. The nodules arc repeatedly branched ; in some 
cases two ro.ws of small branches arc produced from a central portion, 
but eventually large spherical masses arc produced (Fig. 8j. These small 
nodules show tlie typical structure described above where no algal zone is 
present. In addition to these, very much enlarged root-tips are visible on 
the surface of the soil, which also contain Bacillus radicicola and have 
a thick periderm in which numerous very large Icnticels are developed. 
One nodule was obtained which had a definite algal zone (Fig. occupy- 
ing a large area. Since only those nodule.s, to which the sun's rays can 
penetrate, c.an contaiif a living green organism, it seems probable that it is 
in the swollen tips which reach the surface that the Auabacna finds its home. 

From these investigations the conclusions have been reached that root- 
nodules are universally present throughout the Cycadaceae, and they 
are primarily produced bj- infection with Biici/lus radiciccla, and are there- 
fore concerned with nitrogen assimilation. They arc adapted to utilize 
both the nitrogen-fixing organisms BaciUns radicicola and Azotobacter which 
are known to fix a greater quantity of atmosplieric nitrogen per unit of 
carbohydrate when growing together titan separate!)'. 

There is also soiiietiincs a fourth st-nibiont present- -the /I /taiatwa. 
It is not, however, essential to the formalion of the nodule, since in Macro- 
zatina, '/.amia, Ccratozamia, :ind Bouccnia it has not been found, and only in 
one instance in Dioon, Tlic presence of lenticcls is evidently correlated 
witli the formation of the algal zone, since they arc much more abundant 
on nodules in which it is developed, and the zone itself is aluays inter- 
rupted immediately below some part of the Icnticel. These facts, together 
with the universal occurrence of a ring of Icnticels, or a basal ring of parcii- 
chyiTi.i with an active phellogen, and the presence of Aco/obacter and 
Auabacna amongst the outermost layers of cells, suggest very strongl)' that 
the outer lavers of the original nodule become broken down to form the 
algal zone, and the phellogen of the basal and lenticellular areas is stimu- 
lated by the presence of the Andbacna to develop a zone of cells, parallel 
\vith the surface of the nodule, which gradually extends and forms a pro- 
tective layer. I'his is stipporlcd by (<?) the formation of the local enclosed 
areas on the surface of the nodule, containing the tliree organisms in 
biiangcria \ (b) the algal /.one retaining a localized position in the nodule 
which has been observed in Cyios. TfUiphiilortosgAwd ^tangcriiK and also 
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{c) the separation of two algal zones by a meristem which has been observed 
in Stangcria. 

The Anabaena would naturally confine itself to an area not many cells 
deep, if photosynthesis were to go on, because of its dependence on lioiu 
the intensity of which must be rapidly diminished as it passes through the 
overlying cells. It is also impossible for the algal zone to be developed ij 
nodules situated far below the surface of the soil, to which the photo- 
synthetic rays of the sun cannot penetrate. In those cases in which the 
algal zone appears to be entirely absent it may be due to the method 
of cultivation, possibly to the absence of the specific Anabaena from the 
soil, since nodules arc produced so abundantly without it and correspond 
very closely with those of other genera in which it afterwards develops. 
The algal zone is an area in which photosynthesis is taking place and 
probably attracts cheraotactically the nitrogen-fixing organisms which 
require a carbohydrate as their .source of energy. The three organi.sms 
thus collect together and work symbiotically, undoubtedly benefiting the 
cycad by the rich supply of elaborated material they produce, 

In conclusion my thanks are due to Professor W. B. Bottomlcy for his 
sympathy and suggestions during the progress of thc.se investigation.s. 

.SUMM.tKV. 

1. All the cycadcan genera produce root-nodules which are perennial 
modified lateral roots, icpeatcdly branched and tjpically forming large 
coralloid masses. 

2. They arc produced primarily by infection with InuiUtis 

3. A whorl of Icnticcis or a continuous zone of loosely arranged paren- 
chymatous cells is produced at the base of each nodule. 

4. The outer cells always become pushed apart and infected b; 
Azotobacter and, if suitable conditions prevail, b>' ^\nabaeiia also. 

5. The presence of the Alga stimulates the phcllogcn to product 
other Icnticols, from which and the basal area a zone of tissue is prodiiccJ 
which encloses the original outer cells in which arc the .\lga and Bacteria, 

h. The algal zone is continuous, except immediately below the leiiticci-, 
^extending from the base nearly to the nicristcmatic apex, 

7, The algal zone consists of a large air-.spacc containing Anolhinu 
and Azotobacter which Ls kept intact by papillate cells traver.sing it froE 
both the inner and outer tissues, 

Ji, Bacillus radUicola is chemotactically attracted to the alg,al zei'c 
thus leaving the cortical cells in which large quantities of starch gram.' 
and sphaeraphidcs arc dcpo.sitcd, and in Dioon, also t.mnin, 

y. No algal zone has been observed in Macrozainia, /.anna, (cnca 
zamia, and Bo'uenia, but nodules arc produced containing haincn 
radkicola and Azotobacter. 
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10. The Cycadaceae, a group with many primitive characters, are 
the only nodule-bearing plants known, in which four organisms are 
associated together symbiotically, viz. two nitrogen-fixing Hacteria, an 
Alga, and the Cycad. 
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f-k'iiticcls; /•,/.- UM-t lij> ; r. - root ; nodule ; .'tek- ; c-/- ' "un.'liniri' • 

^]ta; - |ihcl}ogeij ; J.‘. cortex; /'.--cells coiitaiiiing bacteria; i?. •• i-t>e nukr ccRs; 

t. = periderm ; Ji, r. - /ya,ii.'us ■ A:. ~ Avotobacter; .In. =■ Ar.abatiu ; - starcli : 

- calcium ox.alatc. 

Hg. 1. Roots of Cyios i7/[<’//tr.V-c, some («.} neg.ilivcly geotrojic o'viiig to infection with 
R'-i i:.us tioli}, N.at. sire, 

hie- 2. Root-noilulcs of (juj,' Nat. M.:e. 

fig' 3. K’ot-nodulesof /;«cr/';,;/,r;.V* !/i..h ' r.inJfii. N.n. si.-c. large Up an algal 

, v/'; Iranclud ikhIuIc uitbi>ut an .ilg.al /one ; v- cluster with .oik dcviloj cd. N,ii, -we. 

1 ig' 4. Kool-iU)dijles ol .yi/kwx/cw \‘r'^ uithoat alg.il .t'lic, , widi algal ;oiiC- 

-'al, -We, 

f ig- 5. K"o[-nodules ol ZantM I.utcUm. Xal. size. 
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Fig. 6. Root*nodules of Miuro^Jitnia Macleyi, Nat. size. 

Fig. 7. Root-nodules of ifimtozamia mtxuam. Nat. size. 

Fig, 8. Root-nodnles of Dioon sphmlosum (a) spherical masses anil large swollen lip; wiih 
algal zone present. Nat. size. 

Fig. 9. Part of longitudinal section of nodule of iinaphalartoi without an algal zone 
X 70. 

Fig. to. Portion of the algal zone of the nodule of Er.ttphalartos. p. « papillate tells 
n. — nucleus, x 325. * 

Fig. 11. Part of longitudinal section of notlule of Euifphaltitios with an algal zone. = gnp 
in algal zone by lenticel ; E. — end of algal zone. A. /. alg.^! zone, x 35, 

Fig. 1 2. Pari of longitudinal section of nodule of Staniftria showing the basal ridge oi 
tissue — h.r, x 35. 

Fig. 13. Portion of a longitudinal section of nodule of Slatti^cria with enclosed areas of Lacteri i 
and .-Vlgae. x 70. 

h'ig. 14. Part of longitudinal section of root and ncdule of i)iocn, showing mass of fan.shaj.cd 
parenchyma = b. at base of nodule; w. *= meristeraatic tissue ; /. - tannin, x 35. 
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The Aerating System of Vicia Faba. 


C. HUNTER, M.Sc. 

With six Figures in the Text. 

T he exchange of gases which is essential for the respiratory activity 
of eacli individual living cell of a green plant is carried on by means 
of an intricate system of intercellular spaces, which is continuous throughout 
the plant, and ultimately comes into connexion with the air external to the 
plant by means of stomata and Icnticels. De Bary ' has carefully described 
the different forms of intercellular spaces and the manner in which they 
arise, but the physiological significance of the intercellular spaces of an 
ordinary green plant cannot be said to have received sufficient emphasis. 
The aerating system is (|uite as important to the plant as the water- 
conducting system or the food-conducting system. In order to obtain some 
idea of the complete aerating .sy.stcm of a plant, it was determined to work 
out in detail that of a variety of the Broad Bean— Ffrrb /'rffe— which is 
known as the Horse Bean. The plants examined were grown in a mixture 
of fine soil, sand, and leaf-mould. This potting-soil allowed ready access 
of air to the roots, and was al.so rich in food material. The plants were 
not subjected to any abnormal tempewture conditions, as they were grown 
either in a cold frame or else completely in the open air. The results 
obtained for each group of plants were similar, and proved that the 
protection afforded by the cold frame did not affect the structure of the 
different organs. 

The presence of air in intercellular spaces was demonstrated by 
mounting hand-cut sections either in pure glycerine or in glycerine jer. 

Any air which was present in the sections was rendered visible under t le 

microscope, owing to the great diflercncc between the refraction o t ic i y 
of light by the gas and by the surrounding medium ; and also owing to e 
reflection of the light rays on striking the under surface of t le 

present in the small intercellular spaces of the sections upas 

masses, ctuite distinct from the surrounding cells. ^ 
particularly succe.ssful in the case of longitudinal sections. 

' I), BMy 1 Coniprative Anatomy of PhnneroEfims ml f>n», -’oi ot 
[Annan of Botany, Vol. XXIX. No. CXVI. October, igiS-l 
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Seeds of View Faba were soaked in water for twelve hours and then 
sectioned. The structure of the testa is similar to that of Phaseolus as 
described by Haberlandt,' and to that of Pisum sativum as described 
by Detmer.^ The general arrangement of the tissuc.s of the seed-coat is as 
follows : 

(u) An epidermis composed of thick-walled cells of palisade patten*. 
This layer i.s compact, and intercellular spaces are completely absent. 

(A) A layer of pillar-shaped cells alternating with large intercellular 
spaces. This form of cells is probably determined, as in water plants, by 
a demand for increased air space, without interfering with the movement ' 
of water from without the .seed to those portions which are in need of it. 

(f) Tissue consisting of parenchymatous cells having their greatest 
axis in a direction parallel to the surface of the seed. 
Intercellular spaces are present in this tissue, but 
they are of quite a different nature from those of the 
middle layer, and are quite typical of the intercellular 
spaces which usually occur in parenchymatous ti.s.sue. 
This layer of cells forms nearly one-half of the 
soaked testa, but in the dry seed the cells are in 
a collapsed condition, and only regain their turgid 
state on the absorption of water. 

Text-fig. i shows the general arrangement of 
these different layers of cells which go to compose 
the testa. 

Thin hand-sections of the cotyledon were wa.Aed 
gently in w.ater in order to remove the masses of 

fir,. 1. Testa of Vidu rcseivc material which would have prevented a careful 

l-aba^ transverse section . . - . . . , 

showing the three types of examination of thc lissucs. Thc scctions were then 

tiaue. The large lacunae mounted in fflvcerinc jelly. Thc 'cotyledon wa.s 
(liagoually shaded. ' X 180. found to consist of thrcc distinct types of tissues 

(^) An epidermis consisting of small, cubical, 
compact cells. Stomata were completely absent, and thc layer po.sscs.sed 
no intercellular spaces. 

(b) Vascular tissue devoid of intercellular spaces. 

(c) Parenchymatous storage tissue. 

Thc storage tis.sue is permeated by an intricate aerating system. I his 
does not consist merely of thc triangular or rectangular intercellular spaces 
such as are figured by Sachs,^ in the case of cells from thc cotyledon of 
Pisum sativum. The aerating system of the parenchymatous storage cells 
of Vieia Faba forms a conspicuous feature of thc .sections, and con.sists 

■ H.iberlan<lt : .Sitningsb. ilcr K. AkaU. Wien, N,itur\vissciisdianen, liil. ;j ( iS;;r. !'■ .se 

* Deimer nnd Moore : Pracltcal Plant Physiolc^y, p. J9.*. 

* Sachs ; Lectures on the Physiology of Plants, p. 5^. 
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continuous intercellular spaces which arc capable of bringing about a most 
active exchange o gases The gaseous exchange between the living 
contents of the cells and the a,r in the intercellular spaces can only take 
place through the cdlu ose cell-walls when they are in a moist condition.' 
It has been observed that hands of some material les.s refringent than air 
occur in these canal-likc intercellular spaces. It seems highly probable 
that these arc masses of water, which assist in the active exchange of gases 
by keeping the cell-walls in the necessary moLst condition. Similar mLses 
have been noted in the intercellular spaces of the cortex in longitudinal 
sections of the root of Liipimis. ° 

The arrangement of the large air-cavities which arc present in the stem 
of Vicia Faba is very instructive. 



Fio. 2, K and n. Transverse .iinl longitudinal sections of pith of young iiiteriiodes, showing 
air-caviiU-s (diagonally shaded ' sei'aiated by shc«i> ofaclhe celU x lOO. 


In the youngest intemodes the centre of tlie pith is traversed by strands 
of active cells separated by well-marked air-cavities, as is shown in 
Fig. 3, .\ and u, The structure of the pith in this region is comparable 
with the arrangement of the ground-tissue in the steins of many aquatic 
plants. These cavities in tlie youngest intcrnodcs of Vida Faha gradually 
become smaller as the growing point is approached, until they are reduced 
to mere chinks in the meristcmatic cells of the embryonic tissues. Ifts 
evident that the cavities are of schizogcnic origin, as they result from the 
unequal development of the plcrome in a radial direction. Lower down 
the stem these strands of active cells disappear, and one large central 
cavity replaces the much divided cavity ol the younger intcrnodcs see 
3’ This cavity is produced by the disorganization of life separating^ 
strands of cells. The remains of the cell-walls of these strands are to be 
found along the edges of the cavity. This cavity is theicfoie produced in 

* Livl.igstoii ; The Rule of Osmotie I'ressure and Dilfiision in Plaiil., p. i 
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a different manner from the smaller cavities above it, and is dearly of 
lysigenic origin. Here, therefore, is an example of a number of .schizogenic 
intercellular spaces enlarging into air-cavities which are converted into one 
lysigenic cavity. The transformation might be described in the term.s 
employed by Frank,’ as of protogenetic origin, because the cavities .arc 
really produced in the earliest differentiation of the tis.sucs, and of subsi> 
quent hysterogenetic development, since the final form appears only in the 
older mature stem. In the mature plant this central cavity extends for 
the greater part of the stem, but in the lower internodes it decreases in 
size, and ultimately disappears completely. This central air-cavity may ■ 
be described as a very fine tube, gradually tapering in the oldest internodes 
and finally disappearing completely, whilst in the region of the stem apex 
it branches into a number of still finer tubes. It occupies relatively the 
greatest portion of the area of the cross section of the stem of a young 

plant in the youngest intcrnodcs, 
In the region shown in Fig. 2, a 
and 1!. it occupies about 7 per cent, 
of the total area of the cross section 
of the stem. In that part of the 
■Stem of a young plant where it 
forms a fairly wide tube (Fig. 3), it 
occupies about 4 per cent, of the 
cross section area. In the lowest 
intcrnodcs it may be reduced to 
0-5 per cent., and ultimately dies 
out. In the full-grown plant the 
central cavity may occupy 5° pet 
cent, of the cross section of the stem 
The cells at, and near to, the growing point naturally require a large 
supply of oxygen to assist in the processes neces.sary for their growth 
and division. A longitudinal section of the growing point shows that 
intercellular spaces occur amongst the very youngest cells, and arc onh 
absent amongst those cells which h.avc just been formed. It sccm.s quite 
reasonable to suggest that the large relative area occupied by the cavities 
in the young internodes is a device to secure a sufficient aerating sy.slcni 
for this active region, and that the division of the cavity will assist in 
the even distribution of the o.xygcn for respiration, and the removal of tlic 
resulting carbon-dioxide. 

In the lowest and oldest internodes no central cavity is present, but an 
unterrupted ring of lysigenic cavities, occupying about a per cent, of the 
area of a tran.sverse .section, occurs (Fig. 4). It i.s rather difficult to 
understand what is the function of this arrangement of cavities. In the 

‘ Frank: I5eilr. zur Pflanzenpbysiologie, p. loi, 



Fig. 3. Tranwf5€ section ofpitb from amic- 
what older intemodc than that of Fig. Central 
cavity developed, x loo. 
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exchange of gases which is necessary for root-respiration, the gases must 
either travel long distances from the aerial breathing organs, or must enter 
and leave the root by diffusing through the outer walls of the limiting layer 
of cells. Whatever system is employed must provide for an efficient 
exchange of gases-the removal of carbon-dioxide, and the provision of 
o^jygen. The following statement by Jost • is of interest in this connexion 1 
■An investigation of the intercellular space system of all plants, whether 
aerial, subterranean, or submerged, teache.s us that the accumulation of 
carbon-dioxide and deficiency in oxygen never reach a degree worth con- 
sidering, and hence the means at the disposal of a plant are always 
sufficient for maintaining a gaseous exchange. Carbon-dioxide to the 
extent of 5 P^’’ cent., and oxygen as low as 8 per cent., are seldom met 
with in intercellular spaces, and Pfeffer and Celakowski have shown that in 
the interior of living cells oxygen is never wanting.' Livingston * regards 
the root hair as having the twofold function of absorbing soil water, 
and acting as a breathing organ. 

Wacker* is of the opinion that 
land plants are unable to supply 
oxygen to their roots by way of 
their aerial breathing organs. 

Norris* has shown that air pas- 
sages can be produced in the 
cortex of roots of Zea ntais, and 
that the development of these 
pa.ssages seems to depend upon 
the quantity of air available in tlie 
medium surrounding the root. Poor aeration resulted in the production of 
large air passages, but the roots of plants in media where there was a suf- 
ficient supply of air had normal intercellular spaces. Investigations by the 
present writer ’ suggested that artificial soil aeration resulted in increased 
growth of plants. This has been confirmed by more recent work, and 
similar results have been obtained in water-culture experiments which have 
been carried out at the Rothamstead I'-xperimcntal Station. From this 
evidence it would appear that the root does obtain some of the oxygen 
it requires by means of the root-hairs, and that, at any rate in some casOK, 
'his must be considerably augmented by a supply from the stent tissues 
0 the living cells of the older portions of the root. To apply^ this to the 



' Josl ; Plant Physiology, g. 195. 

> Iw -“uiftoinflltng Ucs Wachslhams de. Wnraein dnrch das nm,e»e»de Medina,, 
■ihrl). wiss. Bot., 3a, pn. 71-116. . , - 

‘ Norns : Proceedings Rristol Natnralisls' Society. Fourth Scn«. ™l. ni. piu ,s 4 :• 
ilunler : Vroc. Univ. Durham Bhil. Soc., vol. iv, Part 4, p. • 

‘ Hall, Brenchley, Underwood : Phil. Trans. Royal Soc., !■.. to . .09. 9-1 
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case of Fida Faba ; it will be seen that the cortical air-cavities of the stem 
would form an excellent means of supplying air to the parenchymatous 
cells in the cortex of the old root. These cells are a considerable distance 
from the nearest root-hairs, and the lysigenic cavities in the oldest inter- 
nodes of the stem may be a device for bringing about a sufficient gaseous 
exchange in this region. 

The intercellular spaces in the ground tissue of the stem are very 
varied in shape. In young ground tissue they are all triangular in transverse- 
section, but in the mature ground tissue this is not the case. Owing to the 
fact that the cells vary a great deal in size, the original triangular inter- 
cellular spaces give place to more complicated shapes (Kig. 5). These 
result from the irregular development of the parenchymatous cells, and the 
subsequent fusing of two or more intercellular spaces. The intercellular 
space system of the ground tissue of the stem is brought into communi- 
cation with the external air by means of 
the stem stomata. The stomatal cavities 
are small and quite distinct from those of 
the leaf. In addition to the cavities and 
intercellular spaces of the stem which have 
been described, there are present curion- 
cavities one layer of cells below the epi. 
dermis. These take the form of long narrow 
splits, elongated in a plane parallel to the 
epidermis, and are similar to those which 
are present in the stem of Lamium. 

The palisade cells of the leaf of IVciii 
Faba are not arranged regularly, liach 
palisade cell borders upon an intercellular space. These intercellular 
spaces are irregular in size — some are small and triangular in a vertic.d 
section, whilst others are considerably larger than the cells which they 
separate. The intercellular spaces of the spongy mesophyll are large and 
irregular. In a transverse section of the petiole, on the other hand, the 
intercellular spaces are small and triangular. 

A longitudinal .section of the root-tip shows that the intercellula: 
spaces are just as important here as at the stem-apex (see Fig. 6, at tk 
bottom). Intercellular spaces are not very marked in the root-cap, bur 
they are present very extensively in the youngest tissues of the root 
Probably the air which they contain is obtained from that portion of tte 
root which bears the root hairs. In transverse section these intcrccllult’ 
spaces appear triangular in form. With reference to the older roots, it t* 
worthy of notice that splits often take place in the cortex. How fat thes 
are the result of the boring operations of the lateral roots, and to "In'- 
extent they arc due to active growth, has not been determined, but citb- 



Fig. 5. Ground tissue showing 
various forms of interccUBlar spaces 
resulting from the fusion of two or 
more spaces. 
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primarily or incidentally they take an ^ 
activity of that portion of the root which ^50^ 

•'» ». ;:rrrt“ tr “■ 



J'H- G. Schematized Itmgitndinal sociion of Vida Faba illustrating the dUtribution of the 
aerating system in different regions of the plant. 


A consideration of the evidence which has been brought ftgether leads, 
to the conclusion that the aerating system of Vida Fata is elaborately 
justed, m order to ensure an efficient gaseous exchange for each living 
<-0 . no matter where its position may be in the plant tissues. 


Tt» 
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Summary. 

I. The testa of the bean is composed of three definite layers : 

(rt) An epidermis of thick-walled cells. 

( 4 ) A single layer of pillar-shaped cells. 

(<■) Parenchyma. 

Intercellular spaces form a prominent feature of (b), they are present in (c], 
and absent in (a). 

а. The cotyledon of the bean is permeated by a continuous aerating 
system ; stomata are absent. 

3. The central air-cavity of the stem of ISeia Faba is not uniform in 
cross section. In the youngest intcrnode.s it is much divided, in the central 
intemodes it takes on a circular form .and roaches its maximum develop- 
ment, and in lower internodcs it is reduced until it finally disappears. 

4. The division of the air-cavitics in the youngest internodcs is 
probably a means of securing a sufficient gaseous exchange in the active 
region of the growing point. 

5. The small air-cavitics of the youngest internodes are of schizogcnic 
origin. The transformation of those into one central air-cavity is of 
a lysigenic nature. 

б. A ring of lysigenic cavities is present in the corte.x of the oldc.rt 
internodes. 

7. It is suggested that the production of these cortical air-cavitic> 
is a device to assist in the respiration of the cortical cells of the old root. 

8. The intercellular spaces in the ground tissue of the stem arc originaliv 
triangular in cross section. The fusing of two or more of these results in 
more complex forms. 

9. The palisade cells of the leaf arc separated by large intercellular 
spaces. 

10. The intercellular space system of the root-tip forms a veiT 
important feature of a longitudinal section, and clearly demonstrates th.ii 
the aerating system is of the utmost importance in the most active region; 
of cell development. 

In conclusion, the author’s thanks arc due to Dr. Darbishirc for ttii 
kind interest which he has taken in this work. 

The University, 

Bristol. , 



On the Hairs of the Tomentum and Ovary in Rhodo- 
dendron Falconeri, Hook, f., and Rhododendron 
Hodgsoni, Hook. f. 


BY 

KNID M. JESSON. 

With one Figure in the Text. 

aS the tomenta of the leaves of Rhododendron Falconeri, Hook, f., and 
i \ Rhododendron Hodgsoni, Hook. f. (both belonging to the section 
En-Rhododendron), were found to present a different appearance, they were 
anatomically examined during a critical study of the two species, Further, 
seeing that the indumentum of the ovary of R. Falconeri was also found to 
exhibit considerable differences in its character and was variously described as 
■ hirsiitissimum viscosum ’ and ‘densely ferruginous woolly', the investiga- 
tion was extended to that organ. The result of this investigation is 
embodied in the following paragraphs. 

I. Le.vves. 

The leaves of R. Falconeri are described by C. B. Clarke in Hook. f. 
FI, Brit. Ind. as ‘large, long-petiolcd, elliptic, ferruginous tomentose 
beneath, very coriaceous ’, and these, as well as those of the following 
species, are figured in Hook. f. Rhododendrons of the Sikkim Himalaya, 
tt. XV and x respectively. A leaf of intermedwte age was selected for 
examination, about ifi cm. long and lo cm. wide. The tomentum itself is 
particularly conspicuous, forming an orange-brown or cinnamon-coloured 
covering, soft and velvety in texture, thickest at the midrib and thinning 
out towards the margin. A portion of this tomentum was scraped off ^ 
and mounted in glycerine jelly containing gentian violet. On examinfflion 
it was seen to consist of h.tir,s made up of a delicate network of cells in the 
form of a funnel, the uppermost cells of which elongate, forming branches 
or chains of tliin-wallcd cells (Fig. A), the branches being composer, of 
a single row of cells. Fic()uciitly individual cells beedme more or less 
inflated, approaching a more )ipheric.al outline, but as a rule thby are ellipticj^ 
ovate. The hairs stand at right angles to the surface of the leaf, so that 
sections cut parallel to it reveal a number of hairs in transverse section, those 

lAnnals ol Botany. Vol. XZIX. No. CXVI. October, igiS-l 
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from the middle and lower part of the hair appearing as continuous rings of 
collapsed cells, the whole being devoid of contents. 

In R. Hodgsoni the leaves are described by Clarke, 1. c., as ‘ long- 
petioled, narrowly obovate-oblong, cinnamomeous or whitish subtomentosc 
beneath’. A medium-sized leaf is about 21 cm. long by 8 cm. broad, but 
in order to examine the tomcnjtum a young leaf was selected. In this con-, 
dition the tomentum is of a dull cinnamon colour, granular in appearance 
and conveying none of the velvety appearance of R. Falcmeri. In older 
leaves the tomentum becomes thinner and more scattered, and the individual 
hairs much smaller, till in the oldest leaves it loses all granular appearance 
and merely looks like a brown skin. This is not the case in R. Falconeri, 
as the tomentum never loses its fclt-likc appearance, though in older leaves 



An c 

Hairs from the tometrlitm of F hoApJiudr.'n - A' arrrl F. .'rlitl I ). 

Ail Kfcaily nraorrifiert. 


it may become somewhat blackish in colour. The hairs of R. Itodgsoui arc 
peltate, and consist of a saucer-shaped mass of cells, having a stalk attached 
at the centre of the cimves .surface (Fig. />). Here also, the outermost 
cells are prolonged, but the arms arc much .shorter, more pointed, and 
are usually formed .simply by the elongatirm of the outer cell, without 
further division, and are thus unicellular and not muhiccllular as in the 
•previous case. Breitfeld ' describes a broom-shaped, shaggy hair from the 
leaves of several species of Rhododendron, including tho.se of Rlwdodfiidron 
Falconeri. The writer has not been able to find any such hairs on the 
leaves, but the ovary possesses a very similar type, as will be seen below. 

In consider!. ig the relation of these trichomes to the other types 
exhibited by the genus, the typical peltate form seems to be the simplest, 
and the form from which those now under consideration have sprung 

* Breitfeld ; Per anatomisehe Ban der Blatter dcr Rhodendroideae, irr Englcr’a Jahrb. ix pSfS , 
319, Taf. vi, Figs. 3 and 6. 
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by further differentiation. Such a primitive peltate hair would consist 
of a short, multisermte stalk, the head being composed of an inner circular 
disc of small cells and an outer annular zone of large elongated cells This 
type is of wide.spiead occurrence and is figured by Ereitfeld 1 c from- 
Khododaidrm Matayamm, Jack. The next stage in the development 
.would seem to be that Rhododendron Atithopogon, Don,, where the stalk 
is longer and the outer zone curved upwards to form a cup, the inner cells 
however, are still few in number; a figure of this hair may be seen in 
Solereder. Systematic Anatomy of the Dicotyledons (English edition), 
p. 485. From thi.s it is ea.sy to imagine the evolution of the type found in 
Rhododendron Hodgsoni by the extended development of the central disc, 
and of that in R . Falconcri by the upward growth of the main mass of cells,’ 
so as to form a funnel rather than a sauccr-shaped striicture-the stalk at 
the same time having become reduced {R. Hodgsoni) or suppressed (A’. 
Falconcri). 


II. Ov.tRIES. 

The ovary of A. Fakoneri wa.s originally described and figured by 
Sir Joseph Hooker, l.c., tab. x, .as 'hirsuti.ssimum viscosum’, and the 
original drawing .'■hows the ovary green and densely covered with short, 
stiff hairs, with what look like drops of a viscid matter adhering to them. 
There are no specimens at Kew which can be identified with certainty 
as being of this collecting on Tonglo. Hut from plant-s collected later in the 
same year (1848) in different localities, the ovary has been found to be not 
hir.sutc at all, but apparently glabrous and covered with a copious viscous 
substance. When examined, this covering was seen to be composed of 
a large number of glandular hairs embedded in the viscous matter exuded 
b)’ them. Each hair consists of a very sliort. multicellular stalk, capped by 
a targe globular head. In .spccimen.s from later collections, howeter, and in 
many frc.sh onc.s, the ovary wa.s covered by .1 ferruginous felt, and in this case 
the indumentum consisted largely of fascicled hairs, among which a few of 
the glandular hairs were interpolated. The former are stellate and shaggy, 
consisting of a short, mulliscriate stalk to which is attached a number 
of uniseriate branchc,', pointirrg in all directions. These are a niodificaUon 
of the broom- shaped shaggy type drawn by Brcitfeld, l.c., Fig, 3, in which 
the arms are very regularly directed upwards'. At the same time the 
branches were scarcely as spreading as shown in Fig. 6 on the same plate 
(both for Rhododendron Faleoneri). The present hairs are, in fact, inter- 
mediate between the two figures. It is important to note tliaUhe glandular 
and fascicled hairs appear in very varying proportions on the ovary 0^ 
A, halcontri. 

In the case of Rhododendron Hodgsoni the ovary pos.scsses the fascicled 
type of hair only, imparting a whitish appearance and soft texture. 
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The above have been treated at some length, not on account of their 
value as isolated facts, but for the reason that such anatomical details 
where constant, are often of the greatest assistance in solving taxonomic 
problems, especially in the classification of specimens as prone to natural 
hybridisation (even within the limit of one species) as the genus Rhododen- 
dron. In the case under consideration, the constancy of the character, 
derived from the structure of the hairs seems to be sufficiently established 
by the examination of a large number of specimens, collected in different 
localities. Even if the amount of the tomentum varied, the type of hair 
remained the same for each species. 


SUMMARV. 

1. The orange-brown, velvety tomentum of the leaves of Rhododendron 
Falconeri, Hook, f., is made up of peculiar funnel-shaped hairs, with 
branches one cell in thickness from the upper portion. That of R. Hod^soni 
is more scaly, and the individual hairs are saucer-shaped, having a stalk at 
the centre of the convex surface. The broom-shaped, shaggy hair has not 
been observed on the leaves of R. Falconeri, as described by Brcitfcld ; but 
a similar type occurs on the ovary of that species. 

2. The tomentum of the ovary of R. Falconeri is extremely vai iabh.', 
thus accounting for the discrepancy existing between various descriptions. 
The ovary is covered by glandular and stellate hairs, these being found 
in very diflerent proportions — in some cases cither one or the other being 
entirely absent. 

3. The types of hair described have been found to be constant in many 
specimens examined, even if the amount of tomentum varied. It is there- 
fore to be concluded that they are of taxonomic assistance. 

My thanks arc due to Mr. L. A. Hoodie for valuable help during 
the preparation of this note, and to Dr. O. Stapf, under whose direction the 
work has been carried out. 



Ernest Lee: 1886 1915. 

T ill', death of lirnest Lee in the trenches of the Western Front on 
July 10, igLn has robbed British Botany of a capable teacher and 
promising investigator, and will be greatly regretted by all who knew him 
or his work. 

He was born on April ii, i8Hh,at Stanley-Lano End in Yorkshire, 
whence his family removed to Burnley while he was still a small child. 
In Burnley, therefore, he grew up, and there, in spite of hard work during 
the day-linic, he contrived to attend the evening classes of the Burnley 
Technical Institute. He .soi.rn rleveloped a deep intere.st in Natural Science, 
and so excellent was his work that he obtained a National Scholarship 
in Geology in 1906. This took him to the then Royal College of Science, 
London, where his enthusiasm for biology found scope, and where he won 
a First Class in the A.R.C.Sc. cxamin.ition in 1909, and in the same year 
received the Edward Forbes Medal and Prize in Botany and a Marshall 
Scholarship. 

His .scholarship enabled him to spend another year in Professor 
Farmer's laboratories in an inveslig.ation, the result of which was his paper 
on Leaf F<all,' a piece of work which brought him into correspondence with 
various older botanists. 

He earned the approval of his fellow students as ‘ a thoroughly good 
sort’, and one who wa.s always willing to give help. He was highly thought 
of by the staff and left behind him the reputation of a first-rate worker. 

Id May, 1910, he was appointed Demonstrator, and in the following 
.'Lutumn jVssistant Lecturer in Botany at Birkbcck College^ London, where he 
remained till the autumn of 1913. 

During these three years of close association in the work oW the 
department I c.anie to know Mr. Lee well and to think highly both of 
his character and his abilities. He was one of the keenest colleagues one 
could have had, always on the track ot some scheme for the development of 
the department, some fresh possibility of research, some n^ethod ofbiinging 
home to the students the interest of his special subjects. 

He worked at various semi-physiological as well as anatomical investT- 

' The Morphology of Leaf Fall. .Ann. of Bot., 1911 , p. 5 '- 
lAnnali of Botany, Vol. XXIX. No. CXVI. Ocloher. igiS l 
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gations, he got under weigh the study of a Mendelian problem, and he 
published the first of his two papers ‘ on seedling anatomy. 

He became a Fellow of the Linnean Society and a member of the 
British Ecological Society. 

But it was not only from the professional standpoint that Mr. Lee 
showed himself eminently likeable. He possessed an enthusiasm whicl^ 
was not merely youthful but based on both experience and reading for 
all sorts of reform, and especially for such developments as might bring 
biological considerations within the sphere of politics ; and certain dis- 
cussions — arguments — in which he bore his share are very pleasant ■ 
memories. 

In the autumn of 1912 he was nominated for the chair of Botany in the 
Ahmedabad In.stitute of Science, India, and he only did not undertake those 
distant responsibilities because the medical officer reported him unsuited tu 
the climate. The following autumn he joined the department of Agri- 
cultural Botan)- in the University of Leeds. 

Mr, Lee was a good ‘ shot and at Leeds ho joined the Officers’ Training 
Corps of the University and thus found himself, when war broke out, in 
a position not only to volunteer but to be of immediate use. He .spent 
August in helping with the organiz.Uion of the O.T.C., which was thrown 
open to professioital men in Leeds, ttitd he had charge of the musketrj-. In 
the beginning of September he obt.iined a commission as second lieutenant 
in the 4th Duke of Wellington’s (West Riding) Regiment. He became 
machine-gun officer, and by the end of the month was gazetted lieutenant. 
Already at the time of his death he had been specially marked for further 
promotion. 

In November, 1914, he married Miss H. S. Chambers, B.Sc., then 
Lecturer in Botany at the Royal Holloway College, to whom Ire had been 
engaged for some two years. It was a marriage wliich promised all the 
happiness of shared interests. 

On April 12, igij. Mr. Lee was .sent to the front. He was just 
29 years of age. " 

He had hard work : it interested him. and he was happy in it and a.s fii'i 
of enthusiasm for his military duties as he had been for his botanical work. 
His men were devoted to him and his praise of them was high. 

His death was caused by a bullet which penetrated the parapet of the 
trench and went through his head. He was carried down to the dressing- 
station but was not conscious again, and died within two hours. 

It is striking to notice how the imprc.ssion which Mr. Lee made 
,on his brother officers and on his men coincided with that of his colleagues 

^ Observations on the Seedling Anatomy of certain .Syrapctalac ; I, Tubillor.ie. Ann. of I'Ol , 
Iglijp.yay. ObservationsontbeSeedling Anatomy of certain Symi»elalac ; 11, Compositac. .tna, 
of Bob, 1914, p. 303. 
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and students under very different conditions. To all he was the energetic 
worker, the interested student, the ‘ keenest of officens devoted to his work ' ; 
and the machine-gunners of his section who wrote of ' the close friendship 
between Mr. Lee and his men ' will find their echo in the thoughts of his, 
students. 

It is in .such letters that Mr. Lee’s best epitaph maybe found : 

‘ He never .spared himself when there was work to be done', and ‘he 
died ... in the execution of his duty’. 

H. C. 1. GWYNNE- VAUGHAN. 







